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ABSTRACT

The results of the Coast Guard Research and Development Center's Operational
and Technical Evaluation of the 110-foot Bell-Halter SES are reported. The
testing included evaluations of deck area and internal volume, speed versus
power, fuel consumption, towing capability, maneuverability, time to get
underway, and visibility from the deckhouse. Moment to heel, motion in waves,
sail area, susceptibility to slamming, performance in astern seas, and
watertight integrity are also studied together with hull vibrations level,
handling pollution gear, boom capability, and secondary variables. The
Operational Evaluation (OPEVAL) covered the areas of seakeeping
characteristics, habitability, equipment arrangement, mission support
capability, boat launching, survivability, interoperability and logistics,
maintainability and anchoring. Recommendations for improving test procedures
and equipment have been included as an appendix to this report. Computer
programs for collecting and evaluating the data are also given. A new
procedure for performing inclining experiments is described.
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1 .0 INTRODUCTION

The prototype 110-foot surface effect ship (SES) manufactured by
Bell-Halter has been purchased by the U.S. Navy. Under an agreement with the
Navy the U.S. Coast Guard was allowed to use the vessel for an Operational
Evaluation (OPEVAL) and Technical Evaluation (TECHEVAL) over a 6-month period
from June to December 1981. During this time the SES was operated as a
replacement for an 82-foot patrol boat (WPB) and was commissioned as the USCGC
DORADO (WSES-I).

The Coast Guard Research and Development Center (R&DC) performed tests on
the vessel during two TECHEVAL periods, one in August 1981 and one in November1981. This report documents the results of the Coast Guard Research and

Development Center efforts during these periods. The OPEVAL was essentially
conducted by the c-ew of the DORADO. Their comments on the multitude of
factors which must ie evaluated were collected through the use of
questionnaires during the TECHEVALs. The DORADO was operated by Commander,
Eighth Coast Guard District (CCGDEIGHT). All photographic support was handled
by CCGDEIGHT.

R&DC performed this work as part of the Advanced Marine Vehicles and Ship
Trials Program. This report contains the results of the TECHEVAL tests and
the compiled res'ponses to the questionnaires used to collect data for the
OPEVAL. The testing ircluded evaluations of deck area and internal volume,
speed versus power, fuel consumption, towing capability, maneuverability, time
to get underway, and visibility from the deckhouse. Moment to heel, motion in
waves, sail area, susceptibility to slamming, performance in astern seas, and
watertight integrity are also studied together with hull vibrations level,
handling pollution gear, boom capability, and sec.,ndary variables. The OPEVAL
covered the areas of seakeeping characteristics, habitability, equipment
arrangement, mission support capability, boat launching, survivability,
Interoperability and logistics, maintainability and anchoring. Recommenda-
tions for improving test procedures and equipment have been included as an
appendix to this report.

V.i
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2.0 DESCRIPTION OF THE SES

The USCGC DORADO (WSES-l) is a 110-foot SES manufactured by Bell-Halter.
It is a high performance, surface-effect ship capable of on-cushion speeds
approaching 30 knots with a minimum load in calm water. The craft rides on a
resistance-reducing cushion of air trapped between rigid side,,-alls and bow and
stern flexible seals.

The vessel is shown in profile in Figure 1. Deck views are shown in
Figures 2, 3, and 4. An inboard profile is shown in Figure 5. Figure 6 shows
the seal system used. Cushion air is supplied by centrifugal fans to the
cushion through longitudinal ducts to orifices aft of the leading edge of the
bow-fingers, amidships through the bottom wet deck, and aft into the stern
seal bags.

The SES is admeasured under 100 gross tons and has received a U.S. Coast
Guard certificate of inspection for operation in ocean service. Principal
characteristics of the SES are given in Table 1.

TABLE 1

PRINCIPAL CHARACTERISTICS OF 110-FOOT SES

Dimensions

Length overall (LOA) 109'-2"
Length between perpendiculars (LBP) 93'-6"
Beam (Max) 39'-311
Depth 15'-l"
Draft (Light Ship) OFF CUSHION 71-0"

ON CUSHION Approx. 3'-0"

(Full Load) OFF CUSHION 8'-5"
ON CUSHION Approx. 4'-5"

Freeboard (Light Ship) OFF CUSHION 81'-1"
ON CUSHION Approx. 12'-l"

(Full Load) OFF CUSHION 61-8"
ON CUSHION Approx. 10'-8"

Radar antenna height (above full load WL on cushion) 33'-6" top
30'-9" btm

Height of eye on bridge (5'-6" above deck on cushion) 25'-0"
Minimum operating depth 91-5"

Leading Particulars

Displacement (Light Ship) 99.6 L.T.
(Full Load) 150.3 L.T.

Crew 8-14

2



Machinery

Propulsion - Two 16V 149TI Detroit diesel marine engines (each 1440 SHP
@ 1900 RPM,I, 180 injectors)

Two 41.9-inch diameter x 50.5-inch fixed pitch propellers.

Lift - Two 8V 92TI Detroit diesel marine engines (each 435 SHP @
2!00 RPMK 9290 injectors)

Two double width-double inlet centrifugal 42-inch diameter
fans

Generators - Main = 55 KW
Standby 40 KW

3
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3.0 CONCLUS 1OJIS ,`-,,D RE. ..' A ..,

Conclusions on each taial re included in t•he test resul ts setionn of
this report. Tie more important of these will be discussel here.

Very few modifications -,,ere re;-ired to con 'er't tie demorn str artion craft
manufactured by Be11-Halter into an oper .tional Coast G jarJ cutter. The major
modifications included a,'ditional accommodataions, adding a towing bitt, and
providing a 4-meter AVON small boat. The 110-foot SES performed very weil
during the OPEVAL period and experienced few serious problems. It was
generally praised by the crew as a significant improvement over current patrol
boats.

Several design problems do exist, however. The most serious of these are:

The hull was made as light as possible to reduce powering and lift
requirements. In several areas, but particularly near the after ballast
tanks, hull cracking was a recurring problem. Overall the hull was of
adequate strength but in many areas the strength was inadequte.

During most Coast Guard operations the vessel operated at a full load
displacement of 150 tons. Design displacement is 125 tons. At full load
displacement engine power was marginal to drive the vessel past hump
speed. This is the speed at which the vessel begins to exhibit a reduced
power requirement with increasing speed. When towing and when not at
optimum trim it was often impossible to achieve hump speed. The benefit
from getting over hump speed is large; therefore, sufficient power should
be installed to achieve this speed under sub-optimal trim and light tow
loads such as the Coast Guard's high-speed delivery sled.

Propeller desigti is another area of concern. The original propellers had
severe cxvitation pro, lems. The present propellers are fixed pitch and
operate near the upper limit of performance for subcavitating
.propellers. Modifications to the original propellers were made to delay
cavitation. The propeller diameter was reduced by almost 2 inches and
three (3) 3/8" diameter holes were drilled at the root of each blade for
venting. After several hundred hours under various loading conditions,
the present propellers Thow no signs of cavitation. The propellers used
are optimized for speed. As a result their towing performance suffers
considerably. Dual pitch or variable pitch propellers may offer improved
towing performance at a minimum loss of high-speed performance.

Maintenance requirements for the bow and stern seals does not appear to
be excessive. However, a longer period of operation is needed to
quantitatively determine the actual seal maintenance requirements.

The sail area of the SES is considerably larger than current patrol
craft. This is particularly true on cushion. No serious windage or side slip
problems were noted but the high profile combined with the spray from the
cushion makes the SES visible from a greater distance.

• ,



In all other areas studied, the SES performed as well as or bettir than
WP~s. Of particular note are its high spee, lo-q fuel consumption, and
excel lent mane,iverabil i ty. The primary advantige an SES has over a
displacement vessel is its significantly greater, speed for the same installed
horsepower. The SES provides a roomy and very stable platform. A, thouqh
vertical accelerations are a problem in high seas, the SES is able to operat.a
in much higher seas than conventional craft of like size. Habitability was a
vast improvement over 62-foot WPBs. No problems were experienced in operating
the DORADO with other Coast Guard units.

In summary, the surface-effect ship concept appears to be a strong
contender as a possible replacement for current cutters. Further studies
should be performed to determine the optimum power and propeller
character istics.

1I



4.0 TEST RESULTS

4.1 Deck Area and Internal Volume

Various internal volumes and deck areas as required in Test 2 of the
General Test Plan were measured fr-m plans provided by 3ell-Halter. These are
tabulated in Taole 2. The sp-zsial use suitability is subjective. The minimum
values given represent approximately th- v'rlume/area whfiich can be used for no
other purpose than that listed. Maximum values include many overlapping
areas/volumes. Choosing the use of each area requires trade-offs between
conflicting uses for the space. Also, more internal area can be obtained by
reducing the external deck area.

TABLE 2

DECK AREA AND INTERNAL VOLUME

USCGC DORADO (WS.5-I)

Total enclosed volume of hull 31500 cu ft
Total enclosed volume of deckhouse 8400 cuft

External deck area Aft platform 270 sq ft
Main deck 2490 sq ft
01 400 sq ft
02 120 sq ft

Internal deck area l1 100 sq ft
Main 1160 sq ft
1 3350 sq ft

Special use suitability Max Area/Vol Min Area/Vol

a. Liquids 13800 cu. ft 5500 cu. ft
b. Accommodations, etc. 1770 sq. ft 800 sq. ft
c. Machinery Spaces 1990 sq. ft 870 sq. ft
d. OPS and Communications 1500 sq. ft 700 sq. ft
e. Pilot House 700 sq. ft 700 sq. ft
f. Provisions and Cargo 2060 sq. ft 360 sq. ft
g. Stacks and Uptakes 140 sq. ft 140 sq. ft
h. Boat, Helo and Atonal 1500 sq. ft 0 sq. ft
i. Ground Tackle 100 sq. ft 0 sq. ft

'1 12



4.2 Speed vs. Power

Speed/power trials were conducted previously by the Naval Sea
Systems Command (NAVSEASYSCCM) Detachment in Norfolk, Virginia. A trial was
conducted in accordance with Test 3, Speed versus Power, of the General Test
Plan primarily to verify this previous work. Speed and power were measured
both on cushion and off for a displacement between the two displacements
previously tested.

The results of this test are shown in Figures 7 and 8. When these
results are compared to the previously reported results, a large discrepancy
will be noted. During our trial runs the vessel was never able to achieve
hump speed and peaked at a speed of slightly more than 22 knots. Possible
explanations for this performance are non-optimal trim of the vessel or an
increase in bottom fouling. During our tests the trim was approximately 0.1
degrees versus 0.6+ degrees used during the Navy tests. Experience with the
craft has shown it to be extremely sensitive to trim. However, prior to
conducting the trials the trim was adjusted to get the maximum speed with
seemingly little effect. The amount of bottom fouling was unknown. There is
not enough information to attribute a cause to this transitory problem.

Torque was measured du.: ng the test runs using Ultra Product
Systems, Inc. horsepower measurinrg equipment. Serious problems were
experienced with this mea ns of mn--asuring torque. These problems and
recommendations for improvements are discussed it kppendix C.

Observations made during the DORADO tests and the results of these
speed/power trials illustrate one very important, difference between the
performance of SES's and displacement vessels. Namely, on a displacement
craft the los~s of 50 percent of power may only result in a speed loss of 10-20
percent, while on an SES the effect can be much greater. If an SES such as
the DORADO were to lose one engine it could not get over hump speed and the
speed loss will be 50 percent or greater. This e•Fect becomes more pronounced
in faster SES's. Also, there must be an adequate power margin to drive the
vessel past hump speed even in non-optimum conditions. The DORADO clearly
does not possess this margin as illustrated by the speed/power trials
performed.

13
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4.3 Fuel Consumotion

A modified version of Test 4, Fuel Consumption, was perforecJ. Tis
was done to verify the accuracy of the results o:tained by the Naval S.a
Systems Comm and ,:uring testing on 19-20 Feoruary 19-60. informai ions
of fuel consmpticr during the OPEIAL indicated a lower fuel cons,-ripticn. ne
confirming tests ,-ere• performed on 3 December 1981. A shaft torsion mater' w-as
not installed during the tests so shaft horsepower is not available.

In-line fuel flow indicators (gal/min) aere installed on both the
supply and the return fuel lines of the two main prooulsion engines and the

two lift fans. The fuel consumption of the generator was ignored. PFM's were
measured on both propulsion shafts and both lift fan shafts. A two nautical
mile measured run wias used. Runs were made in both directions at the same
throttle setting. The results were recorded and the average over the two runs
was used to minimize the effects of wind and current.

The results of the tests are shown in Figures 9 and 10. Additional
data is contained in Appendix A, Table A-l. The fuel consumption data
gathered by lAVSEASYSCOM was confirmed by these tests. The fuel consumption
curve based on gal/nm is very flat over the operating range of the COPADO.
This permits transitting at maximum speed with no greater fuel consumption
than when travelling slowly.

4
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4.4 Towing Capability

Test 5, towing capability, was conducted. A bollard pull test was
performed on 21 May 1931 at Nobile, Alabama, and an 82-foot WPB was towed on
10 November 1981 in Pensacola Bay. The DORADO was instrumented as prescribed
during the 82-foot WPB tow but did not have horsepo;wer measuring equipment
installed for the bollard pull test.

The results of these tests are shown in Figures 11, 12 and 13. A
maximum bollard pull of 23000 pounds was measured at 1100 ERPM off cushion.
On cushion a maximum pull of 18000 pounds was measured at 900 ERPM. The
DORADO was able to tow the 82-foot WPB at a speed of 11 .4 knots exerting aIowline pull of 7000 pounds.

No serious problems were noted affectirg the ability of the SES to
tow other vessels. However, the small diameter, high RPM propellers installed
are optimized for high-speed performance and are not very efficient for
towing. The propeller design requirements for these two conditions are quite
far apart and may separate further if higher speed vessels are contemplated.
It will probably be necessary to install variable or dual pitch propellers to
improve performance while towing with the least effect on free route
performance.

It must be noted also that the port engine was producing one-third
less power than the starboard engine while towing the 82-foot WPB. For this
test, bridge personnel advanced the throttles in-line visually. As a result
engine imbalance was not detected and therefore not corrected during this
test. Therefore, the towline pull may be slightly low as measured in these
tests.

19
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4.5 Spiral >laneuverability Test

Test No. 8, '1aneuveraoility-Spiral Test, was conducted for two
on-cushion speeds, 10 knots and 20 knots, and one off-cushion speed, 9 knots.
An attenpt was also made to conduct a spiral test tait; tlhe vessel going
astern. It was determined that the vessel backed into the wind and tne test
was terminated. However, as a result of this test it was discovered that the
main engines and generators lost cooling water after only about 14 seconds of
running astern. This would prevent any extended maneuvering astern at high
speed.

Wind speed, wave height and current speed were within the limits
specified in the General Test Plan. Figures A-1 to A-3 in Appendix A show the
results of these tests. The "PLOTER" computer program in Appendix B was used
to plot the data.

Test results indicate that the DORADO has stable maneuvering
characteristics with no hysteresis loop apparant near zero rudder angle. The
high speed, on-cushion run has the widest spread of data. This :3 bel'eved to
be due to the vessel turn rate having not stabil ized in the time al iý .vd. It

apparently requires a significantly longer settlinj time to achieve a constant
yaw rate at this speed.

23
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4.6 Zigzag Maneuver and Performance in Stern Seas

Test No. 9, 'aneuverability-Zigzag Maneuver, was conducted for three
on-cushion speeds and two off-cushion speeds. The test also was conducted at
11 knots on-cushion with the seas from astern. The latter run satisfied the
requirements of Test No. 17, Performance in Astern Seas.

The following exceptions were made to the procedures for these tests
as stated in tlhe General Test Plan. First, the low-speed maneuvering test was
not performed due to the inability of the DORADO to maintain speeds of less
than 6 knots. When on-cushion the vessel has very low drag which result., in a
clutch or idle speed of 6 knots. Also, the primary test location prevented
the vessel from establishing a base course into the wind. This had a minimal
effect on the test results but is evident in that it made the vessel easier to
turn in one direction than the other.

Not all runs were made with course changes of 20 degrees to either
side of the base course. The information from these runs is valid since the
yaw rate was steady. It is the yaw rate and the rudder angle which determine
the amount of overshoot.

Current speed was slightly greater than that recommended in the Test
Plan. It was approximately 0.7-1.0 knots instead of the 0.5 knots called
for. This caused no noticeable effect. Similarly, the water depth was much
less than called for. Most of the tests were conducted in 12 feet of water on
cushion. This probably caused a small change in the maneuverability of the
craft. The effect does not appear to be large from the data collected.

In the stern seas performance test the wave height was approximately
2 feet instead of the 6-10 feet required. Because of the small waves the
results of the test ar.. not very meaningful. They tend to confirm the other
zigzag maneu;,e. ' -.ther than showing a degradation of performance in stern
seas.

Table 3 li-i;. the principal factors involved in these tests. Figure
14 is a typical data plJ. annotated to show how the entries in the table were
derived. The remaining -.'Pta plots are in Appendix A. Appendix B contains the
computer programs used to reduce and plot the data.

The jagged appearance of the performance in stern seas plot in
Appendix A is due to the fact that the data points straddled the dead band in
the yaw angle transducer. This causes a few of the data points to be off
scale on the plot.

In Table 3 the time to execute, which is the time from the first
execute to the second, and the period are direct measures of the ability of
the vessel to rapidly change course. Overshoot yaw angle and overshoot path

Swidth are numerical measures of countermaneuvering ability and are indicative
of the amount of anticipation required of a helmsman while operating in
restricted waters.

24



Since comparable data has not yet been collected on other Coast
Guard vessels, no comparisons can be made. However, there is no indication
from tile data collected that there exists any maneuverability problems wit.'n
this vessel. It behaves similarly to a displacement vessel and is fully
controllable under all speeds and configurations.

i'
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64.7 Ti me t-o Get Underway

The time required for the vessel to depart the dock from a dead
plant condition w,-as measured as prescribed in Test No. 10 of the General Test
Plan. The times determined by this test are reasonably typical based on
observations of test personnel. The elapsed times are given bellow.

TABLE 4
TIME TO GET UNDERWAY

Event Elapsed Time (Minutes)

Initial notification 0
Generators started 2
Generators on line 3
Shore tie disconnected 6
Operations ready 6
Deck Departnent ready 6
Main engines started 9
Engineering plant ready 13
Vessel departed dock 16

This time is sufficiently short to cause little problem in responding to
emergency calls.

4.3 Visibility from Deckhouse

Test 11, Visibility from the Deckhouse, was performed. The areas of
clear view are shown in Figure 15. Complete availability o' a 360 degree view
in th" X-Y plane is easily obtained by walking around the pilothouse. An
arbit.,'dry optimum viewing area has been assumed. This area extends from an
angle of 15 degrees above the horizon to 20 degrees below the horizon at all
horizontal angles. This area is 12600 degrees squared.

For the DORADO, the clear view area is 4636 degrees squared. This
is 36.8 percent of the optimum value.

2
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4.9 Moment tD Heel and Boom Caoabi ity

Test Nos. 12 and 31 in the General Test Plan were performed. The
inclining experiment was performed in less than ideal conditions. The crane
used to shift the weight could not reach across the deck of the SES. As a
result the SES had to be turned 180 degrees at the dock in order to shift the
weights. The wind was blowing at 10-15, knots onto the pier. Therefore the
moment due to the wind was added to the inclining mom~ent in both weight
locations. Calculations indicated that this added about 3 percent to the
inclining moment.

Due to the extremely high GM of the SES, the GMI was not adjusted for
free surface in the fuel and water tanks. The tanks on the SES are all small
and have smdll transverse dimensions so this omission will have very little
effect. The tank soundings at the time of the test are reported in Appendix
A, Table A-2.

A moderately successful attempt was made to measure the roll
period. One 10000-pound weiiht was dropped about 1 foot onto one side of the
deck to induce a roll. The vessel rolled only about 3 degrees and the roll
damped out in one cycle. A period of about two seconds was measured but this
measurement was subject to considerable error. A 2-second period equates to a
radius of gyration of 13.9 feet which is a reasonable value.

A detailed description of the procedure used to measure the G11 is
given in Appendix D. The GM calculated is 59.4 feet which includes the effect
of the beam wind. The value of KM from The curves of form is 69.2 feet,
resulting in a KG of 9.8 feet. This indicates that the vertical center oF
gravity is located several fett below the main deck which is reasonable.

The moment to trim one inch from the cur,,es of form is 23.2
ft-tons. If a heel angle of 6 degrees is chosen as the maximi'm acceptable
heel angle then the maximum weight which can be lifted 5 feet off the side of
tie vessel is 77000 pounds at a displacement of 302500 pounds. This heel
angle will result in an approximately 2-1/2 foot change in draft on the side
of the vessel. This very impressive lifting capability is a result of the
large GM.

Other data regarding these tests is contained in Table A-2 of
Appendix A.

30O



4.10 Notion in Waves and Susceptibility to Slamming

Tests 13, Motion in Waves, and 16, Susceptibility to Slamming, aere
performed on 9 November 1981 off Pensacola, Florida. Significant wave height
during the tests ranged from 2 to 3 feet. This is at the low end of the
acceptable test range. As a result the motions experienced were not severe.
The sea state was nearly unidirectional. Hovwever, a significant compconent
wave developed during the tests from about 10(' degrees true. The primary wave
direction was 140 degrees true. Water depth in the test area was 84 feet.

Motions in all six degrees of freedom were recorded together with
the wave motion. Only roll, pitch and heave motions for selected runs were
analyzed, however. Spectra for the runs examined are included in Appendix A
together with a listing of the peak and valley ordinates of these spectra.
Table A-3 in Appendix A lists the one-third and one-tenth highest motions.

The location of the motion package is shown in Figure 16. No
correction has been made to the heave motion to adjust for the longitudinal
distance between the location of ,he motion package and the center of
flotation.

Three mechanical impact counters were installed in the ship's
office and three in the after engineering space see (Figure 16). These were
all bolted to the overhead centerline girder. Tnese counters were read over
3-hour periods during both the on-cushion and off-cushion motion tests.
Nearly all the slams occurred during the 20-minute head sea runs, however.

Most of the slamming occurred during the 8-knot run off-cushion.
During the 3-hour period only two slams exceeding 1 g occurred while on
cushion. Approximately 102 slams exceeding 1 g and two exceeding 2 g's
occurred during the same period off cushion.

The slow-speed run in head seas was by far the roughest ride. The
motion ampl itudes recorded show little difference between this run and others
bt the coupling between the pitch and heave notions was such that a veryrough ride resulted.

A continuing problem exists conrerning shiip motion studies of this
sort. This problem results from the waves not being unidirectional.
Therefore, ship motion response may not be the same in different seas even if
they have the same amplitude distribution. This problem is discussed in more
detail in Appendix C. Improvements are also discussed.

In general there was not a great deal of difference between the
motions at the different speeds and configurations. Pitch motion at 21 knots
was significantly less than at S knots due to the much higher frequency of
encounter. Other motions were not affected much by the frequency of encounter
shift witn speed.
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4.11 Sail Area

The pro.je:teu a-e-s of the hull and deckhouse ,.ere computed as
requireo by Tes-. 14, Sail Area. The siil are ýwas also computed for che
vessel on cushion. The locations of the centers of area are shno-,n in Figures
17 and 13 and are tabulated in Table 5 below. Thie coordinates are b.ased rn
the axes shoown on the fijures.

TABLE 5
SAIL AREA RESULTS

Side Fwd

Area X Y Area Z

Hull on Cushion 1289 54.1 2.2 523 3.0

Hull Off Cushion 867 54.9 4.5 377 5.0

Deck House 383 66.1 14.1 276 15.3

Combined On Cushion 1672 56.8 5.0 799 7.3

Combined Off Cushion 1250 53.3 7.4 653 9.3

33



KN

34



OF

FIGURE 13
BONI SAIL "REA C.EETERS

35



F ig u re 19 s Ii,. .... t flIood a b Ier !.en g h c u r ve f -,r t h e I10 - f Doou S E .
The cross-h 3 'Lch area of 1:.hi S curven shows ih essel2 sat isfies a one -comp art:.,tni;
s tandard f or subo iv is ion. Th e a r ea sh adle ý w i ith ) ,1o.s i n d i a tes t.e ýad:1 i '.iorn a,
requirements for meetingj a L..oC- coirp ar1m e n Lst and a ra. Th ese f ls h r
of being a• two-compart;:-,,-nt liess"el but only due to thne comb)ination ,of. the
machinery and cargo compartments. Any other, pair of adjacent compartments

could be flooded and the vessel would remain afloat provided all other
compartments were intact.

A ship check indicated numerous violations of watertight integrity
on the watertight boundaries. Nearly all these watertight integrity problems
were due to poor maintenance, i.e., loose wire stuffing tubes. The design of
an SES is very similar to that of a catamaran hull form and an SES has few
additional watertight integrity problems. One that does require attention is
the problem associated with the ducting for the lift cushion. On the DORADO
this consisted of a passage under the first deck running the length of the
vessel between the side hulls. This passage was open to the sea and connected
to the interior of the vessel through the lift fans. The lift fans must be
watertight to the flooded waterline or else flooding of the machinery space
will result. Similar design problems will exist with any SES design but can
be easily handled.
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4.13 Hull VibraZions Level

Test No. 23, Hull V ibrat ions Level, ,.*s conduc'ed diring the,
speed-power trials. Ho vibration ;nF- aure2ne ts a ere m,,de -it i tiie vesselrunn ing astern because the DORAD can ,-ceratc astern for onfly a few minutes

before losing sea suct.ion. The procec'ures of Test 23 were fillcwerj. a,,av2

height during the tests was higher than optimum. There -was a 2-foot ,,ave
heignt instead of tile desired one foot.

Six acceleration transducers were installed on the vessel in the
locations designated in Figure 20. All transducers were mounted on bulkhead
stiffeners near the main deck level. All locations were at hard spots which
should virtually eliminate local vibrations. Plots of the vibration
displacement amplitude for selected runs are included in Appendix A. Four
different runs are shown in these plots. Run No. 1 was conducted at zero
speed on-cushion, and Run No. 20 was conducted at zero speed off-cushion .ith
the fans secured. Run 11 was a full-speed run on cushion and represents the
peak hull vibration level. Run 16 was a 1200 rpm run off-cushion. This is
maximum speed off-cushion. The pickup numbers referenced are those shown on
Figure 20.

All of the results sniow a high level of vibration below aoout 2
hertz. This vibration is caused primarily by the waves. On cushiion there is
a pronounced peak at approximately 2.3 hertz. At zero speed this vibration is
in phase along the length of the hull or, put another way, is a heaving
vibration. At full speed this vibration changes to a pitching vibration. The
other vibration peaks represent vibrations in the fundamental bending motion
of the hull. None of the vibrations are severe and all appear to be caused by
the lift fans. There is almost no vibratiorn caused by the propallers. This
is probably due to their small size and high -pm.

Although the crew complained of vibration problems on the DORADO,
there appears to be no serious overall vibration of the hull. IMost of the

problems are probably local vibrations which must be handled individually.
The lift fans seem to be the primary vibration source for vibrations of the
hull as a whole. The most significant vibration il probably caused by a
rhythmic aenting of the cushion.
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4.14 Questionn3 ires

Most of tile ;c --, subjective aspets of the OPDVAL were handled by
having the crew fill out questionnaires. The same questionnaire was usel
during both test periods. The responses to the questionnaires have been
compiled and are included in Appendix A. Since the number- of topics covered
by the questionnaires is large, no further discussion will be included here.
Crew composition was less than ideal for a study of this type. This problem
is one of those discussed in Appendix C. Most types of operations the Coast
Guard performs were performed by tile DORADO during the OPEVAL. The DORADO
performed all these missions quite well and was rated by the crew to be a
significant improvemenL over an 82-foot WPB.

4.15 Handling Pollution Gear and Anchoring

A deployment of the self-skimming barrier was observed by LCDR
GOODWIN of the R&D Center (R&DC). This deployment also invulved the SES
towing the Coast Guard's fast deployment sled and a small Dracone barge. Two
problem areas were noted. First, the SES could not get over hump speed with
the sled in tow. The SES was able to maintain about 13 knots which is
slightly faster than a WPB while towing the sled. Second, the SES's anchors
werei inadequate to hold the vessel in position with the boom deployed. In all
other aspects, the SES performed as well as or better than a WPB and provided
a very stable work platform.

Test 36, Anchoring, was also performed to verify other aspects of
anchoring and vessel ride while at anchor. No serious problems were
encountered .4hich would prevent safe anchoring. The vessel rides well at
anchor and has no tendency to override the anchor cable. There does not
appear to be any danger of damaging the forward seal either when anchoring or
when riding at anchor. It is apparent from calculations of the required
anchor size and as a result of the barrier doployment that a significantly
larger anchor is required. The anchor hoisting apparatus installed on the
DORADO was inadequate to raise the anchor currently installed. An anchor
capstan of adequate size anJ power is absolutely essential to safe anchoring.

Powering of the vessel is discussed in other sections of this
report. However, as a Coast Guard vessel the SES must possess a towing
capability. Variable pitch or dual pitch propellers should be considered to
enhance tonqing performance. Propeller design will be a critical element of
any hi-i performance craft. it is nearly impossible to design an efficient
fixed pitch propeller which can operate under high speed free route conditions
and under high thrust low speed conditions. A well-designed dual pitch or
variable pitch propellcr should be a sign ificant improvement.
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4.16 Maintainabil ity

Test 34, Maintainability, was conducted but there was insufficient
data collected during the OPE'/AL to determine mean time between failures and
mean time to repair.

Some significant maintenance problems were noted. There were many
cracks in bulkheads and stiffener's which required welding. Tile structure in
way of the after ballast tank was particularly prone to cracks. It is clear
that the structure of the SES must be increased in strength to survive the
rough service Coast Guard use will impose.

Other maintenance problems resulted from local vibrations. One of
these caused a very serious engineroom fire when an oil line broke spraying
oil onto a turbocharger. The vibration test on the hull indicated no serious
vibrations of the overall hull structure. The local vibration problems should
be correctable by redesign of the structure or shock and vibration mounting of
equipment. No vibration mounts were used on the DORADO.

Most of the equipment was easily accessible for maintenance. One
exception is vhe outboard sides of the main engines. Few on board spares can
be carried duE! to weight considerations.

41
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4.17 Secondary Variables

The checklist from Test 35, Secondary Variables, was used during a
survey of potential problem areas. Of primary importance aas identification
of hull or equipment items th at are inadequate for Coast Guard service or
which would restrict use to certain geographic locations.

About three inches of insulation was installed in the accomnc'ation
areas of the DORADO but none in the engine room or other machinery spaces. No
sound deadening insulation was installed on board. In order to meet Coast
Guard standards, more insulation would be required with the accompanying added
weight.

There were no particular problems noted in the area of equipment
vulnerability and protý.ction from the elements. All equipment was
well-protected even though venting of the cushion causes a great amount of
spray on the deck.

No unique safety hazards were noted. However, the large vertical
accelerations measureýd in previous Navy tests associated with operating this
vessel in high sea stat2s, as documented by the Naval Sea Systems Command
(NAVSEASYSCOM) IN Report No. CG-D-13-81, pose a serious safety problem.
Personnel are likely to be throw.n around if not strapped into seats under
these conditions.

Ship's plans show the location of equipment adequately.

A fixed CO2 fire extinguishing system was installed. 1No
sprinklers were installed. There were two fire pumps installed and pressure
appeared adequate. Vital cables and watertight doors were satisfactorily
located. The switch for the main fire pump was in a poor location but this
could easily be corrected.

A heat pump wos installed for heating and ventilation. This system
appeared adequate under a heavy air conditioning load and is probably
satisfactory for most heating loads as well. Heated windows were not
installed in the pilot house.

A small davit with electric winch was installed to launch a 4-meter
AVON rigid hull rubber boat. No significant problems were noted in boat
handling using this arrangement. The boat was easily launched withI a few men
in seas up to 4-5 feet. Higher sea states were not observed.

Excellent navigation equipment was installed. These included two
Loran-C's, a Loran-C plotter, and a VHF-FM direction finder. A small gyro
compass was installed but the magnetic compass was usually used. Chart table
space was adequdte but not excessive. Two radars were installed.

The vessel had two ';HF-FM radios and an HF radio. One VHF-FM radio
was equipped to scan and also to act as a radio direction finder. Both of
these features were highly useful and praised by the crew.

No cargo boom was installed.
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A bilge and ballast system was installed on the SES. However, no
capability was installed to pump water from a disabled craft alongside. The
DORADO did carry standard Coast Guard dewatering pumps.

A total of 95 KW of generator capacity was installed. This
included a 55 KW main generator and a 40 K,, generator installed on the port
lift fan shaft. There was no evaporator installed.

Two 8V92TI Detroit diesel engines were installed to drive the two
lift fans. The port engine also is coupled to a 40 K',,l generator.

The actual hotel load is not known but installed capacity was more
than adequate for 14-16 people. Sewage holding capability appeared to be the
most critical hotel services problem.

In summary, there are few serious problems which would preclude the
use of this vessel as a Coast Guard vessel. Insulation and sound deadening
would have to be improved. As mentioned elsewhere in this report, the
structural failures experienced require redesign and strengthening of much of
the hull structure. Both of these problems will result in considerable
additional hull weight and may require increased engine power to maintain

performance.
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TABLE A-I
FUEL CONSUMPTION D4A

GENERAL DATA: 3 December 1931 - Wind SW at 10-15 'nots
Seas SW at 1- 2 fct

4 December 1931 - Wind SW,, at 10-15 knots
Seas SW at 1 foot

Water Depth (measured run) 26-40 feet
40 trim by the stern

2-3 December 1981 19-20 February 1980
Speed Gal/Hr Gal/N. . Speed Gal/Hr Gal/N M

5.0 57 11.4 10.8 57 5.3
8.6 60 7.0 14.2 90 6.3

12.2 90 7.4 19.8 160 8.1
17.0 137 8.1 22.6 163 7.2
17.2 148 8.6 27.6 205 7.4
18.5 151 8.2
23.0 165 7.2
26.1 195 7.5

Twin Screw
Gawn-Burrill Propeller
3-blade, bronze
40-inch diameter by 50.82 fixed pitch

Main Propulsion (2) - 16V149T1 Detroit Diesel w/l80mm injectors
(2) - 8V92TI Detroit Diesel w/9290 injectors

Draft: (Forward) 7'-10"

(Aft) 81-6"

Displacement: 329,430 lbs

Fuel Flow Monitors by Headland products: 3000 PSI Miax
3/4" Supply
1/2" Return

A-l
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TABLE A-2

INCLIIING EXPEP, iNENT

Date: 8/5/81
Lucation: USCG Base Mobile, Alabama
Vessel: USCGC DO,'ADO (WSES-I)

Drafts: Fwd Port ' -6"

Fwd Stbd 71-6"

Aft Port 8'-2 1/2"
Aft Stbd 8'-2"

Water Depth: 24 feet
Water Temperature: 90°F
Water Specific Gravity: 1.022
Wind Speed: 10-15 kts on beam
Air Temperature: 84°F
Barometric Pressure: 30.12

Two 10,000-pound sinkers used as inclining weights.

Liquid Loading

Tank Tank

IA 450 gal 3 397 gal
lB 50 gal 4A 365 gal
2A 416 gal 4B 365 gal
28 508 gal Pot.water 554 gal

Lube oil 113 gal

_A-2
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COMPILED QUTi''OjTAITE R,,PC,'SC-

4 QUESTIONNAIRE 15. - SUBJECTIE SEAKEEPIN G CHARACTERTSTICS

VESSEL NAMIE

YOUR NAŽ,E DATE

TIME ON BOARD

This questionnaire covers some of the aspects of seakeeping which are difficult to
measure. Answer the questions which you feel are within your experience. Check
Not Observed if you do not feel qualified to answer the question. If there are
additional comments you would like to make regarding seakeeping, you may include
them in the Remarks section.

Nt4M8Pa or_~ o.5~~OAJ

1. Since you have been on this vessel, what were the maximum wave height and wind
speed you experienced?

Wave Height Wind Speed
Less than 5 feet Less than 20 knots
5-15 feet - 20-35 knots
15-30 feet 35-60 knots
Greater than 30 feet Greater than 60 knots -

2. Hoq did this vessel perform in those conditions compared to a WPB?

About the same
Much better * Worse

ucBetter • Much worse

3. Based on your experience, in what sea state will the vessel reach the limit ofl
safe operation? I
Wave height 0) /0 '20 2-o _ _ feet

4. In what sea stýLe does it become difficult to perform your job?

Wave height - i,, ,l•' feet

4 5. That is the principal reason for this difficulty?

Motion sickness Difficult to stand or move
Spray or water on deck 4
Other (explain) I , ,

4 o. Hcw do you think the motions of this vessel in a sea compares to a WPS in
terms of ability to perform your job?

Not observed 2 About the same
Much better 4 Worse
Better 7 Much worse

A-5



7. What motion of the vessel causes tne most difficulty?

Not obsErved 4 Rolling
Pitching Vertical acceleration
Fore and aft acceleration -_- Side to side acceleration
( 6Pi• -,, 0,._. Unpredictable accelerations

8. Is motion sickness a problem compared to a WP3?

Not observed (o_ About the same 2
Much more of a problem Less of a problem
More of a problem Much less of a problem

9. Is deck wetness a problem?

Not observed
Yes j No

10. What is the principal cause of deck wetness?

Not applicable Spray
Waves washing deck Vent lines p
Other (explain) 2- Cu, ,11,,0

11. Does spray cause a visibility problem?

Not observed
Yes 

_ No

12. How toes the visibility from this vessel in rain, sleet, or snow compare to a
WPB?

Not observed A About the same 2.Much better _ WorseBetter ._ Much worse

13. How does your ability to navigate in fog with this vessel compare to a WPB?

Not observed About the same
Much better _ Worse
Better I Much worse

14. What causes fog navigation to be better or worse than a WPB?

Not applicable Electronics installed
Location of lockouts • Plotting area available _
Other (explain) --.

l1. W'hat wave height limits the maximum speed of the vessel, i.e., when do you
have to slow cown to ocerate, the vessel safely?

Not observed
Wave hei~ht 4, ___•__/• ' feet

¢:_• •,? • •/I



16. What is the principal reason for slewing down?

Not observea Vessel motions
Slamming _ Motion sickness
Water on deck Spray
Other (explain) A ý/,pi-,"' -... *,ir, .;..5

17. What direction to the waves provides the best ride?

Head seas I bow seas
Beam seas Quartering seas
Stern seas q

18. What direction to the waves provides the worse ride?

Head seas Bow seas 3
Beam seas 2 Quartering seas
Stern seas

19. At what headings, if any, do you feel it would be unsafe to operate the vessel
in the maximum sea state you have seen while on the vessel? Check all that
apply.

Head seas 5 Bow seas
Beam seas 4 Quartering seas
-Stern seas 2. All headings safe

20. In the maximum sea state you experienced, could the vessel be kept on course
at all headings?

Not observed
Yes I No Z9

21. If no, what headings prevent maintaining course?

Not applicable Head seas
Bow seas Beam seas
Quartering seas - Stern seas

22. What procedure do you feel is best for improving the ship's ride in high seasi

Not observed Slow down on present course 7
Change course • Heave to
Change operating condition

(conme off cushion, etc.) 3 Other (explain)
4 .nst operating condition U54- ,-P4.7- 'j1,A

2L. Hcw coes tne susceptibility of this vessel to icing compare to a W'F?

Not observed About the same I
Much better Worse
4etter Much worse

a-7



24. Is this vessel mcre susceptible t• damage due to k_,ea,ýneads in teaater ,ian

Not observed About the same
'-lore susceptible T Less susceptible

25. Remarks. Include cowrirents cn any aspects of seakeeping not covered in the
questions above ,ýhich you feel are important.

II
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VESSEL E_.-_,_!E

YOUR Y __-_,_ __"_" DATE

,TME ON BCA _ _

This questionnaire cover: some of tne aspects of habitability. That is, hcw con
fortable is it to work and rest aboard the vessel Ansae• -,e questions ;ihich
feel are within your experience. Check Not Observed if you do not feel qualifi
to answer the question. If there are additional corments you would I ike to mak•

regarding habitability, you may include them in the Remarks sect.ion. .

I. Overall, hcow do you feel the habitability on this vessel compares to a WP3?

Much better 14 Worse
Better Mu ch worse
About the same

2. How do you rate the berthing compartments on th'is vessel?

Excellent Poor
Good Terrible
Only fair

.How do you rat•a the st ssing facil ities?

Excellent 1• Poor
Good Terrible
Only fair7

4. How do you rate the sanitary (head-, showers) facilities?

Excellent Poor
Good .9 Terrible
Only fair

5. 'That was the noise s eveI lie where you C rKed ,a rid SI-,t.p

'There Ycu Wcr<ed Where You Sleot
No. ooserved Not .oDservý,
Quiet Quiet
Mildly noisy ___ Mildly noisy
Very noisy -Vey noisy
Oeafen in Ce aea fen ing 2_

5 .]i• :,e nois ,e/Ci .a lee: Your : Oiiz/ "t -erf~zrm ;our ;-

No c c serve,2d
Yes, 7- ;",o



7. Did the noise level affect your ability to get a good night's sleep?

Not observed
Yes " No-

8. He4 did the motion of the vessel affect your ability to get a good nignt's
sleep?

Prevented sleep Made it difficult to sleep

Had little effect on sleep _ Not observed --

9. How does the motion of this vessel compare to a WPB in its effect on your
ability to sleep?

Much better 4 Worse
Better • Much worse
About the same 1

10. What is the temperature in the berthing and messing areas like?

Not observed Just right
Too hot - Too cold i..

11. Did temperature in the berthing ccmpartment affect your ability to get a good
night's sleep?

Not observed
Yes No N0

12. What was the vibration level like where you worked and slept?

Where You Worked Where You Slept
Not observed Not observed
No vibrations No vibrations

Moderate vibrations Moderate vibrations
Kigh vibrations High vibrations

13. Did the vibration level affect your ability to perform your job?

Not observed
Yes 4 No

14. If yes, what was the principal way it affected your ability to do your job?

15. Did the vibration level affect your ability to get a good night's sleep?

Not observed
Yes _ No

A-i



16. HOW does Ith e v ibr ati on 1 evc~ In th is ves selI compar e to a WPS ?

Not observed About the same
IMuch. higher vibrations __ Lowqer vibrati 'ons
Higher 'I~traticns I Much lower vibrations

A17. R e rir ks 'o.-.rpntU roi, rny 'factors conicerning habitabill illy which w,.ere not cc,/-
ered above.

"i C /L)C -0 " L fb ý4t ,r tIF')/ L 1 L 4t? rR9/7cTiO_
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QUESTIONNAIRE 20A - OPERATIONS EQUIP IET ,A.RANGE,.,iMEIT

VESSEL NAM',E
YUUR NX*4E DATE

TIME ON BOARD

This questionnaire covers some aspects of the arrangement of equipment used by the
operations personnel. Answer the questions you feel are within your experience.
Check Not Observed if you do not feel qualified to answer the question. If there
are additional comments you would like to make regarding operations equipment
arrangement on this vessel, you may include them in the Remarks section.

1. Compared to a WPB, what equipment was easier or more convenient to use and
what was less convenient to use?

Easier or More Convenient More Difficult or Less Convenient

2. Did difficulty in using some navigation equipment cause significant problems
affecting the safe operation of the vesscl?

Not observed
Yes N lJo

3. If yes, which equipment caused the problem and why?

PLor 0,,Z- -,Z

4. Did some equipment peculiar to this vessel make it significantly easier to
operate the vessel safely?

Not observed
Yes • No

5. If yes, what equipment?

6. Hew would you rate the ease of conducting night cperations with this vessel
compared to a 'APS?

Not observed About the same
Much easier z More difficult
Easier 5 Much more difficult

A-13



th eqimetor equipmeltarneen aei

7. What principal aspects of the equpnt or urrangement made

easier or more difficult?

8. Were there unique safety hazards associated with using the operations equip-

ment on this vessel whi,:i did not exist on a WP? Tf so, list them.

Not observed No unique hazards
Unique h .ards leLPr-zy OA'5c•--

9. Did the motion of the vessel cause significant problems for you in equipment
operation?

Not observed
Yes No

10. Did vibrations cause problems with the equipment?

Not observed

Yes Z No

11. Compared to a WP8, what was the noise level in the pilothouse like?

Not observed About the same 2
Much noisier -T- Somewhat quieter
Somewhat noisier i Much quieter

12. What was the overall effect of noise, vibration, and ship motion on your
ability to do your job?

Not observed Caused little di,'ficulty
Made it extremely difficult Had no effect
Made it difficult

13. Did you find this vessel more fatiguing than a WPB?

Yes J No _L

Lzss fatiguing?

Yes 7 No

14. Was there adequate protection from the elements to permit you to operate the
vessel effectively?

Not observed
Yes • No

15. Did exhaust gas from the stacks cause any problems with vessel operation?

Not observed
Yes - No II

A-14
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16. Do you think this vessel could be operated witnout damage in waters cnin in
floating ice?

Not observed
Yes fl "o 12_

17. Remarks. Comment on any other aspect of operations equipment arrangementwhich you choose.

A-15



QUESTIONNAIRE 21A -ENGINEERING EQUIPIENT AR~GE¶ENT

VESSEL NM~E

YOUR NAME D_____________________ _ DA TEE_____________

TIME ON BOARD __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

This questionnaire covers some aspects of the arrangement of equipment used by the
engineering personnel . Answer the questions you feel are within your experience.
Check Not Observed if you do not feel qual ified to answer the question. If there
are additional comments you would like to make regarding engineering equipment
arrangement on this vessel , you may include them in the Remark-s section.

1. Compared to a WPB, what equipment was easier or more convenient to run and
what was less convenient to run?

Easier or More Convenient More Difficult or Less Convenient

2. Did difficulty in operating any of the machinery cause significant problems
affecting the sare operation of the vessel?

K Not observed
Yes NN o

3. If yes, which equipment caused the problem?

4. Did some machinery peculiar to this vessel make it significantly easier to
operate the vessel safely?

Not observed
Yes NO

5. If yes, what equipment?

6. Compared to a WPB, were the main engines easier 'to qor'< cn?

Not observed
Yes "40o

A- 17



'ore difficult to work?

Not observed
Yes _ No

( 7. How would you rate the ease of maintenance of equipment in the engine rooms
compared to a WPB?

Not observed About the same 2,
IMuch easier to maintain Harder to maintain 3
Easier to maintain Much harder to maintain

8. Ho, would you rate the ease of maintenance of all equipment outside the engini
rooms compared to a WPB?

Not observed About the same
Much easier to maintain - Harder to maintain
Easier to maintain Much harder to maintain -_-

9. Which equipment cause the most maintenance problems and why?

10. Were there unique safety hazards associated with running the engineering plani
on this vessel which did not exist on a WPB? If so, list them.

Not observed No unique hazards
Unique hazards C•,4-r e /ko• _0re - ,M6.' 4,4A ACA Zz ,z.

11. Did the motion of the vessel cause significant problems for you in equipment
operation?

Not observed
Yes _ No

12. Did vibrations cause problems with the equipment?

Not observed
Yes No

13. What equipment was most affected by vibrations?

4 14. Compared to a WPS, what was the no se level in the engine room like?

Not observed About the same
Much noisier • Somewhat quieter,
Somiewhat noisier Much quieter--

4 ' - I



15. What was the overall efect of noise, vibration, and ship motion on your
ability to do your job?

Not observed Caused little difficulty It
Made it extremely difficult -7- Had no effect
Made it difficult

16. Did you find this vessel more fatiguing than a W'",?

Yes * No

Less fatiguing?
Yes 4 No

17. Did you experience any problems with equipment failing due to hot weather?

Not observed
Yes No

18. If so, what equipment?

19. Did any equipment fail due to cold weather?

Not observed
Yes No

20. If so, what equipment?

21. kemnarks. Comment on any other aspect of engineering equipment arrangemen" or
operation which you choose, Comment on siiperfluous equipment or needed
equipment which oas not on coard.



QUESTIONNAIRE 22A - DECK EUIPNEPIT ARRWNGE>1ENT

VESSEL NAMIE

YOUR NAM,1E DATEE

TIME ON BOARD

This questionnaire covers some aspects of the arrangement of equipment used by the
deck department. Answer the qu!stions you feel are within your experience. Check
Not Observed if you do not feel qualified to answer the question. If there are
additional comme.nts you would like to make regarding deck equipment on this vessel,
you may include them in the Remarks section.

1. Compared to a WPB, what equipment was easier or more convenient to use and
what was less convenient to use?

Easier or Xore Convenient More Difficult or Less Convenient

.5~~~t DAV r•- o•r "0•- ,r

2. Did difficulty in operating any of the equipment cause significant problems
affecting the safe operation of the vessel?

Not observed
Yes No /2._

3. If yes, which equipment caused the problem?

* 4. Did some equipment peculiar to this vessel make it significantly easier to

conduct operations safely?

Not observed
Yes __ No

5. If yes, what equipment?

6. Compared to a WP3, was tne deck equipment easier to maintain?

Not observed
Yes ____ No



More difficult to maintain?

Not observed
Yes No

7. Hcw would you rate the ease of maintenance of the hull (painting, etc.) com-
pared to a WPE?

Not observed About the same
Much easier to maintain F Harder to maintain
Easier to maintain Z Much harder to maintain

8. What equipment or structure caused the most maintenance problems?

9. Were there unique safety hazards associated with deck operations on this
vessel which do not exist on a WPB? If so, list them.

Not observed No unique hazards 7
Unique hazards 1L_.•. C fZA. CICS D L -T •AA)JO,-) 6

10. Did the motion of the vessel cause significant problems for you in equipment
operation?

Not observed
Yes INo 1_3

11. Did vibrations cause p-oblems with the equipment?

Not observed
Yes _ No .1

12. What equipment was most affected by vibrations?

13. Compared to a WPB, what was the noise level on deck like?

Not observed About the same
Much noisier C Somewhat quieter
Somewhat noisier , Much quieter

14. 'Tlhat was the overall effect of noise, vibraticn, and ship motion on your
ability to do your job?

Not observed Caused iittle difficulty 7
Made it extremely difficult Had io effe-,ct7
Made it Ilifficult

15. Did you find this vessel mýý'e fatiguing than a 4PS?

Yes- o



Less fatiguing?

Yes , No

16. Did you experience any problems with equipment faiIing due to hot weather?

Nlot obs "
Yes NO 1z7

17. If so, what equipment?

18. Did any equipment fail due to cold weather?

Not observed
Yes No

19. If so, what equipment?

20. Remarks. Comment on any other aspect of deck equipment arrangement or opera-
tion which you choose. Corm'rent on superfluous equipment or needed equipment
which was not on board.

II



QUESTIONIA IRE 27A - OBSERVED MISS.ION SUIPPORT CAPABILITY

VESSEL NA,-!E

YOUR NAX'E DATE

TIME ON BOARD

This questionnaire is intended for engineering personnel who are a part of the tesi
team. It will not be completed by the crew. Various issues are included which
affect the ability of the vessel to conduct its mission but which do not Fit well
into other categories. A survey must be made of the vessel before completing this
questionnaire in order to determine the capabilities of the vessel. In general,
the test vessel will not have installed capability in the areas of interest or the,
installed capability may be minimal. You must, therefore, look for problem areas
which would prevent installation or diminish the capability if installed. Advan-
tages which the test craft type possesses over other vessel types should be noted.!
Of greatest interest are those characteristics of the test vessel type. Character,
istics petJliar to the specific test vessel should be noted but kept separate fromý
type characteristics.

(f 0o M PD P h-L-
1. Could a water washdown system be installed to wash the entire main deck and

deckhouse?

Yes / No

2. Would any equipiment of significant importance to the operation of the craft
need to be secureýd to operate the water washdown system if installed? List.

pJo -

3. Is there any reason why a firefighting system similar to that installed on CG
cutters could not be installed on this vessel.

4J
Yes No _

4. If yes, what is the reason?

5. Is this craft, due to its design or materials of construction, prevented from
getting as close to another burning ship or structure as a conventional steel.
hulled vessel could get?

Yes V, No

6. Could the vessel get close enougn to a rnajor fire to use a fire monitor if oný
was installed?

Yes No
Probably

L --- --- -



7. How woul d you rate the damage stabil ity of this vessel type compared to a -P3,

Much better Worse L
Better Much worse
About the same

8. Is there anything in the design of the v'ssel tnat would prevent installing ar
adequate dewatering system on bocard?

Yes No

9. If yes, explain.

10. Can this vessel dewater another vessel using all the methods conventionally

used?

Yes V/ No

11. If problems exist in dewatering another vessel, explain them.

12. How difficult would it be to load cargo onto this vessel compared to a WPS?

Much easier More difficult
Easier , Much more difficult
About the sarre

13. What is the potential cargo capacity of this vessel compared to a WPS?

Much greater Less
Greater - Much less
About the same

14. What characteristics of this vessel make it easier or more difficult to load

cargo?

0 PC. ZK D C A.Go 0S P,4 CAL L 4- 44-

15. Could oceanographic arid similar work be conducted over the side of this vessei

Yes V "_ No

16. Are these potential hazards in ccnduct.ing such operations not found on convenr
tional cutters?

Yes No

17. If yes, 'Ahat are they?

iA-2L



18. Oces the freeboard on ths craft make working over thie side easier or more
difficult than on a 'ýrS?

Much easier M,lore di4ficult
Eas ier Much more difficult

About the same

19. Could underway replenishment gear be installed on this ,vessel type if the

vessel was the size of a large cutter.

Yes No

20. What factors peculiar to the vessel type would affect such an installation?

21. Could a flight deck be installed on this vessel type?

Yes V" No

22. If yes, approximately what length vessel would be required?

23. If no, what aspects of the vessel configuration would prevent it?

24. Are there any unique hazards ;,which would prevent refueling a helo on deck?

Yes No

In the air?

Yes No /

25. If yes, list the hazards.

26. Oo appendages or other aspects of this vessel type's configuration ,make it

esoecially dangerous to put switrmers in the water?

Yes i No

27. If yes, what are these aspects?

29. is there any reason why conventional shora tie ccnnections carn no te in-
stalled on this vessel?

Yes No

A- Z'7
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29. If yes, list the reasons.

30. Could a sonar be installed in zhe hulI of this vessei?

Yes No
Probably

31. Could the sonar be made as effective as a sonar on a conventional hull?

Yes No
Probably

32. Could a towed sonar system be installed?

Yes V/ No
Probabl.%7

33. Are special sensors required to detect wave height or craft elevation above
the surface?

Yes No

34. Can the vessel be operated safely should such sensors fail?

Yes No
Probably

35. Could an underwater comunication system to a submersible be installed for us,

iith the vessel DIW.

Yes v No

36. Tf no, why not?

37. Could a small one or two-man submersible be lIFted from the water and carried

on deck?

Yes - No

38. Remarks. Cormnent on any other points regarding the above questions which you
w i sh .

wi h iLA) o m 14 U LL A - (;LA- R- .ýr/4LS ji L U.
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QJESTIONN1AIRE 28A SUBJECTIVE MISSION SUPPORT CAPABILITY

VESSTH NAME

YOUR NXI'E DATE

TIME ON BOARD _

This questionnaire covers some aspects of the vessei's ability to perform Coast
Guard missions which other questionnaires do not. Answer the questions which you

feel are within your experience. Check Not Observed if you do not feel qualified

to answer the question. If there are additional comments you would like to make

concerning the application of this vessel to CG missions, you may include them in
the Remarks section.

1. Do you feel an up-to-date plot of the vessel's position can be maintained or
does the speed of the vessel make it difficult to keep such a plot?

Not observed
Plot can be maintained very easily .L.
Plot can be maintained with little difficulty 4
Marginally able to maintain plot
Plot cannot be kept up to date

2. Does the navigation equipment installed provide the information you need to
navigate in a timely manner?

Not observed
Yes No

3. Do you need more information or information more often?

Not observed
Yes No No

4. Are there other problems with navigation due to the design of this type vessell

Not observed
Yes " No ff_

5. If yes, what problems?

6. Does the configuration of the vessel cause problems with the installation and
use of standard CG comaunication equipment.

Not observed
Yes No i2-

A-29



7. If yes, list the problems.

8. How would you rate the freeboard of this vessel when boarding another vessel
alongsiae?

"Not observed Just right lO
Much too high T Too low
Too high Much too low

9. Were there hull appendages or other aspects of the vessel's design that made
it difficult or impossible to come alongside another vessel?

Not observed
Yes NO 13"

10. If so, what were they?

11. Were there hazards unique to this vessel type which made coming alongside in a
small boat difficult?

Not observed
Yes No

12. If yes, what hazards exist?

I r¶ L/A ýk,j +iLx 5A ALL- /%A- lptvq- Lý/ z L.A.4 V4 L/

13. How would you rate the difficulty of boarding this vessel from a small boat
compared to boarding a WPB?

Not observed About the same
Much easier • More difficult
Easier Much more di fficul t

14. Do you feel a larger vessel of this type could be outfitted with underway
replenishment equipment and replenished underway safely?

Not observed
Yes No

15. If no, what are the main prcblem areas?

116. co you thirk it is safe to put a swimmer in the water from this vessel?

Not observed
Yes NO

, A- 30



17. Do hull appendages or other aspects of this vessel type make putting a man in
the water dangerous?

Not observed

Yes No

18. Do you foresee significant problems in recovering a 'wirner from ti;e water
with this vessel?

Not observed
Yes -- No

19. Compared to a WFPB, how difficult is it to get an injured person from the water
onto the vessel?

Not observed About the same I
Much easier More difficult
Easierj Much more difficult

20. If the vessel had a flight deck installed, do you think you would have signif.-
icant problems launching and recovering a helo?

Not observed
Yes " No

21. How large a crew would be required to launch and recover a helo?

22. Haa would you rate the ease of mooring and unmooring the vessel compared to aL WPB?

Not observed About the same
Much easier More difficult
Easier . Much more difficult

23. What is the principal factor which made it easier or more difficult to moor?

24. Did you have significant difficulty loading stores and cargo on the vessel?

Not observed

Yes - No

25. Was it easier or mcre difficult than loading stores and cargo on a 'ýPS?

Not observed About the same /
Much easier 2 Aore difficuIt i

as ier 2. Much more difficult

26. Did the vessel delploy any pollution cleanup equipment ,. ,hile you were on board?

Yes __ No ]

I- .€-31
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27. Which major pieces of equipment were deployed?

22. How would you rate the ease of deploying pollution equipment from this vessel
as compared to a WPB?

Not observed About the same _
Much easier Z More difficult
Easier T Much more difficult

29. Overall, do you think this vessel would be an effective means of transporting
pollution equipment to the scene of an oil spill?

N,)t observed
Yes _ No

30. Providing that proper lifting equipment were installed do you think this
vessel could launch and recover a small (one or two man) submersible?

Yes __ 1-10

31. If no, why not?

32. Remarks. Include any other comments on the usefulness of this vessel type oný
CG missions.

ILE
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QUESTIONiNAIRE 30A BOAT LAUNCHING CAPABILITY

VESSEL NIME

YOUR NAM'.E A TLE

TIME ON BOARD

This questionnaire covers some of the aspects of boat launching which are dilfficult•
to measure. Answer the questions which you feel are within your experience. Check

Not Observed if you do not feel qualified to answer the question. If there are
additional comments you would like to make regarding the ability to launch a small
boat from the vessel, you may include them in the Remarks section.

1. What is the maximum wave height in which you have seen the boat launched and
recovered? i

Not observed 10-15 feet

Less than 5 feet IL_ 15-20 feet5-10 feet Greater than 20 feet

2. Compared to a WPB, how easy was it to launch and recover 'the boat from this

vessel?

Not observed About the sameMuch easier ---) Somewhat more difficult

Somewhat easier iF Mach more difficult

3. Were there significant safety hazards involved in launching a boat from this
vessel?

Yessl No /0

Not observed

4. List the safety hazards which were most significant.

5. What effect did the freeboard on this vessel have on launching and recovery
operations compared to a WPB?

Not observed No difference :3
Made job easier • Ma.de jco more difficul t

3
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6. Was the boat-handling equiPment (davits, lines, etc.) better or worse tnan a
WPS?

Not observed About the same
Much better J Worse
Better M Much worse

7. If you could have modified the boat-handling equipment and arrangement any wa
you wished could it be made better than the cL'rrent arrangement on a WPB?

Not observed Could be made better
Could not be made as good Could be made much better 3
Could be made as good

8. From where on the vessel do you feel it is best to launch a small boat?
5i-ra.A.P 0A I D4-.

9. What is the maximum wave height that you feel it is safe to launch and recove
the small boat in from this vessel?

Less than 5 feet 46 15-20 feet
5-10 feet W Greater than 20 feet
10-15 feet Wave height fe'e;

10. Remarks. Comment on any other factors affecting boat launching which you
choose.

4I
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f ON~EIS T 10,Ný'j A I R E_ 32A U,/'"QU .O AIE32;- S .... VA.L TY

VESSEL Nfli • __

YOUR NXIE DAT_ _

TDME 01 ' OARO ____________ ________

1.iis questionnaire cove- Dine ,f the .-is pects o f urvivaility as they apply to
this vessel. 'Answer t 2 sticns ,,n 1cn you feel are within your experience.
Check Not Observed if you do not feei qualified to answer the question. If there
are additional coninents you would like ) make re-ar ing survivability, you may
include them in the Remarks sectiof, 'Vivability as used here refers to the
vessel's ability to survive an at* ;k by an enemy.

1. Cnmpared to a WP3, w.ihat is the 1 ikelihcod that this vessel would be damaged byT
an underwater explosion?

Not observed About the sameMuch mor- likely •Z Less likely
iMlore lIkely Z. Much less likely -2

2. What underwater features of this craft make it more or less susceptible to
damage ?

Not applicaLle Hull shape
Hu!l plating thickness ___ Amoun! of nrull in water
Size and type of appendages
Other (explaii) _ - 4S

3. Compared to a WPPB, what is the I ikel ihood that this vessel would be damaged byý
dn air blast?

Not observed About the same 4
Much more likely - Less l ike2iy I
More likely • Much less likeiy

4. What above-wa,.-I features make it more or less susceptible to damage?

Not a.pplic. ble Antennas and masts I
Plating thickness • Area of platingI Othe2r (explain, __ 4L.,, 1-4 L C.-

A-3 5
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What other --,a tures o the craft -make it more or le',- susceptible to damace

than a WP3?

,More Susceotible Less Susceotib

( ~Speed3
Mane.verabil ity 7
Size
Magnetic signature
Other (explain) HAc-ýL -A--.I

6. Remarks. Comment on any other factors affecting survivability that you choosi

A
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QUEST!IC NAIhRc 33 - I,1,=ROPE.Ra• ! 1 -TY AN D LCntSTTCS_• .

VESSEL NX' "

YOUR NA1,1 E DATE

TIME ON BOARD R__

This questionnaire covers some of the aspects of operating this vessel withI other
Coast Guard units and of resupplying the vessel. Answer the questions which you
feel are within your experience. Check Not Observed if you do not feel qualified
to answer the question. If there are additional comments you would like to make
regarding operations with other units and logistic support, you may include them in
the Remarks section.

1. Is fuel readily available for this vessel?

Not observed

Yes • No

2. Hoa, would you compare the difficulty of fueling this vessel to a WPB?

Not observed About the same
Much easier -- Somewhat more difficult
Somewhat eas ier • Much more difficult

3. What is the principal reason for fueling being easier or more difficult?

4. Compared to a WPB, was this vessel restricted in the piers available for
mooring by any of the following?

Not observed Draft
Beam • Length
Special features

(hull appendages, etc.)
Other (explain) _

5. Compared to a WPB, hew di'ficult was it to load and stow supplies (food, spare
parts, and consunmables) on this vesse.l?

Not observed About the same 3
Much easier -- _ Somewhat more difficult
Somewhat easier Much more difficult

6. What was thie principal reascn f.r it aein. easier or mo•.re di~ficu-,?

A-37L



7 What major items oF spare parts pecul iar to tnis type of vessel, do you tn,
will1 be requ ired frequjent-ly?

8. Have you obscrved this vessel operating jointly with a helicopter?

. Yes I2-. NO

9. Compared to a WPB, huq difficult would it be for a helo to lift an injured
person from the deck of this vessel?

Not observed About the same
SMuch easier • Somewhat more difficult

Somewhat easier Much more difficult

10. Compared to a WPS, hco, difficult would it be to conduct rombined searches
using this vessel and a helio?

Not observed About the same
Much easier T." Somewhat more difficult
Somewhat easier z Much more difficult-

11. What principal factor makes it easier or more difficult?

12. What other aspects of ship-helo operations are noteworthy with regard to this
vessel ?

13. Have you observed comrin ed operations between this vessel and another CG

cutter?

Y e s Io e ve

14. Compared to a WPS, ho, difficualIt is it to conductt combined oper a.icns with
another, CO cutter?

'lot observe.i About the saire
Much easier __ Somewnat more difficult
Somevht eas ier M Much more di2fficu t

A -•



15. What is the principal f-ctor that makes it easier or more difficult to conduct
combined operations?

16. Hcw would you compare refuel ing this vessel alongside a larger CG cutte, to
the same operation cn a 1.4P3?

Not observed About the same
Much easier I Somewhat more difficult
Somewhat easier Much more difficult

17. How would you compare other replenishment op-'ations alongside to a WPB?

Not observed About the same
Much easier T Somewhat more difficult
Somewhat easier Much more difficult

18. Has your vessel relieved a tow or passed a tow to another CG vessel while you
were aboard?

Yes ) - No

19. Compare the difficulty of relieving or passing a tow to doiug the same opera-
tion on a WPB?

Not observed About the same
Much easier Somewhat more difficult
Somewhat easier Much more difficult

20. What principal factor made passing a tow easier or more difficult?

21. Are there hull appendages or other structures 1 ikely to be damaged wnile
towing or while picking up or passing a tow?

Not observed
Yes J No

22. If yes, what appendages or structures?

23. Is more or less training required to operate and maintain this vessel than is
required for a WP5?

Not oaserved Abnut the same 7
Yuch more I Somewhat less
Some',qn It nore _ Much less

-I_



24. What types of training need to be given which are peculiar to this type of
vessel ?

I-77 IM C-vL- A,.
"Afl e-U / Aý 0 . 1 Al r/. r"-,,.A,/J4A,) " ,

25. What types of training are required on a WPB that are not required on this
vessel ?

26. Cverall, how would you rate the problems of keeping this vessel supplied ,Aith
fuel, consummables, and spare parts compared to a WPB?

Not ubserved About the same
Much easier Somewhat more difficult
Somewhat easier 27 Much more difficult

27. Overall, how would you rate the problems of operating this vessel with other
CG units compared to operating a WPB with other CG units?

Not observed About the same .. _
Much easier T Somewhat more difficult
Somewhat easier • Much more difficult

28. Remarks. Comment on any aspects of operating with other CG units, resupplyinj

the vessel, and training that you desire. Offer any suggestions you have for.
making combined operations more efficient. Any craft characteristics which
permit new tactics should be noted.

A-40
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FIGURES A-9 THROUGH A-49
MOTION SPECTRA
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FIGURES A-50 THROUGH A-57
VIBRATION SPECTRA
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' SPEC R#A I NA, 13 E"1'3 O"mI, IE 'A,

l UsCG, c UOAO0 '.".VS-1)

PrCKUP NO. I
RU;J NSo. I
SHAFT FREO 0. 00 HZ

HAG

0.0 IQH 50. o Oa
PEAK DISPLACEHENT AHPLITUOE

A SPEC P#A 2g #A, 103 EXPA.lO
RA. -1),

m

USCGC DOGAF ('N'ES-E )

PICKUP NO. I
RUN NO. I I
SHAFT FREQ 12.95 HZ

HAC

0.0
H.8|Z ICa. CC

PEAK OlSP1AkCEEJT AMPLITUOE
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A S,'EC R# 3 #At, 1'3 E'XPANO
8. ?•..

U.CC C3lýhA (,.0S-1)

Pi CXUP tNO. 3
RUN NO. I
SHAFT FRED 0. P2 HZ

HAC

0.0 .
0.0• HZ 5.•

PEAK DISPLACEHENT AXPLITUOE

A SPEC RbP1 31 #As 102 E X Q1
W L . ki' .. ..

USCCC OWRADO ('SES-l)

PICKUP NO. 3
RUN NO. 11
SHAFT FREO 12.95 HZ

SAG

0.0
0.0 HZ .0

PEAK OISPLACEM.ENT AMPLITUCE

A-95



A SPEC R#, 4 IAt, 1t3 EXPAN:D

USCCC 05r1ADO O'SES'-D

PICKUP NO. 4

RUN Pio. 1
SHAFT FRED 3. 0o HZ

HAG

if6. 6 HZ 56. 980
PEAK DISPLACEMENIT AMPLITUOE

A SPEC Rh. 32 #A, 112 EXPANDO
L. LZCD..

USCCC CORAOO C'•SES-1)

PICKUP NO. 4
RUN NO. It
SHAFT FREQ 12.95 HZ

HAC

0. 8I..

9.0 HZ 100.00

PEAK DISPLACEMENT AMPLITUCE
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A SPEC RPf a #A@ INA E ,AN

U$:GC D•,AOO ('SES-1)

PICKUP No. 8
RUN NO. I
SHAFT FREO 0. ?, HZ

MAG

0. 0 HZ 56. flO
PEAK OI,•LACENENT AMPt ITUO0

A SPEC R/, 34 #At, 110 EXP•;DO

USC.C CORAýO DSES-D)

PICKUP NO. 6

RUN NO. II
SHAFT FREQ 12.95 HZ

MAC

HAA

0.0 HZ 100. L

PEAK Oi SPLACE.ENT AH.PLITUOC
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A SPEC N'A ,.:j.

8.C V NO. 1

* SHAFT rREo 0. l11Z

HAG

!0

'i •, •1 ~~lie z,••,

"P5AK UISPLACEMEN T A?,PLITULIUE

A SPEC R 3 43

UscGc 0:1ýlc ViSF.S-1)

PICKUP NO. 1
RUN NO. 16
SHAFT FREO 9. 74 HZ

I. liz5p .1
"PEAK 0 1 $PLACE PENT A!•?L I ?UL)E
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A SP'EC pM: 5i7 *At 102 E/

U~CGC D¶!f r 1r )

SIIAFi rP.EO O0"4 1 IZ

HAG

40. 0 HZ 5.02

PEAK DISPLACEMENIT A?4*)LITUOE

A, SPEC R~a AS #h IM EM;

PICKUP N~O. 3
RUN1 No. 15
SIIAF1 FPF.G 9.74 lit'

0.0HZ CO. GOO

Fýý'K CIS:)LAC EPJU.; AMP~LITUI
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A SP'EC #At 102 Fn 4XP'.

UISCOC OCIRADO (' iS-~

PICKUP NOD. 6
RUNl No. 211
SHAFT FREO 0.00 HZ

HAG

0. 0 iZ 50. ON

PEAK( OISPLACEME!JT AMPLITUOE

A F;* CC F ;t Mt At iI r- 1 ' U.'N

UOCCC OORACO '4SPS-1)

Pick<up No. 6
RUN NO. 16
SHAFT FREU 9. 74 HZ

0. 0 HZ 5ClooI

PE kX OI5LACEk'rJT A19LI TUOE
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A SPEC F.1  2 0A, 1•3 EXPA'P.3
8. : __ __,_ __ _ __ _

m

uscc. oc.*.Ao3 C',qS-l)

PICKUP NO. 2
RUN NO. I
SHAFT FRED ,. [00 HZ

NAG

PEAR DISPLACEMENET AM.PLITUDE

MAM

U:,CGC OCRA3O (',3LS-I)

PICKUP NO. 2
R.UN No. 2.0
SHiAF'T FREO 0•.11 117It

MAC

0. 0 HZ 50. 0,00

PE ,i O: I SPLCE~C !JrT ,.PLI TUSE
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COMMENTS ON PROGRAJ "SES"

This is the master program used in the field to collect data for the
DORADO tests. It can be used as a model for other ship tests as well. Much
of what is included is of a general nature. Routines to initialize equipment
and test to insure that equipment is running properly are included. The
program stores up to ten minutes of data on floppy cisks. The data is stored
identically on two floppy disks with check read. This means that the data is
read off the disks after being stored and compared to internal memory. This
insures that what is on the disks is what was intended. Loran-C data can also
be collected and continuously plotted if desired. The program contains
provisions to read any of the data desired back from the disk after a run and
print it out.

The main program runs self tests on instruments which have this
capability. All instrumentation was on interface #8 except the floppy disk on
interface #7 and the Loran-C on interface #11. After initializing equipment
the main program transfers control to the data-collecting sub-program
"Sestst".

Sub-program "Init" initializes the devices on the #8 bus and prints a
list of the devices on the bus.

Sub-program "Sestst" is the main data collection routine. It allows for
initial test setup and then waits for the test to start at line 2170. Pushing
CONTINUE on the computer will start the test sequence. The test can be run
for an integer number of minutes from 1 to 10. The loops from line 2230 to
line 2680 comprise all the data collection statements. In the case of the SES
tests, four data items were read each second (scanner channels 1-4). On
alternate seconds, frequency and time delay were read from the two counters.
Every four seconds a beep tone was generated to assist in recording data from
the Loran-C. Every 15 seconds the time was checked and data printed.
Provision was made to read digital data from the horsepower meter but this was
not used.

Each minute seven additional channels were read (scanner channels 5-11).
This process is repeated for the number of minutes specified. After all data
is collected it is stored on disk in subroutine "Diskst". As previous;y
stated, this routine stores duplicate copies of the data using check read.
Whenever the amount of data changes, the number of records allocated for
storage of this data must be adjusted in line 2960. This subroutine tries to
be forgiving of recoverable errors and many of the statements are for this
purpose.

After storing the data, the "Sestst" sub-program allows the operator to
print some of the data. If this is desired then sub-program "Datanl" is
called. This sub-program reads the stored data off the disks and offers a
menu of data items to be printed. The operator selects one of these by number
and the program decodes and scales the data type specified and then prints
it. After printing the data the program loops back to the menu. This routine
must agree with the data collected and is only correct for the SES test data.
The calculations are straightforward and should be easily adjustec for
different data.

B-1



Sub-program "Unpk56" is a Hewlett-Packard supplied routine for, decoding
packed data from the 3456A Digital Voltmeter. Data is stored on disk in this
packed format.

Sub-program "Latlong" decodes the data string from the Loran-C and
converts it into x-y coordinates for use on the plotter. If the data cannot
be converted it is ignored.
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Ik P - MA IN P.:IC RRM "'E:E'"

30 PRINTER IS 2,:3
40 PRINT . -: -- 1w
50 PRINT
,0 1 PRINT " Th is program ,. .as .i ,sgned lor the test'"
70 PRINT "* of the Bill-Halter 110" .ES."
30 I PRINT I3* I.t 'use.s t he- sa 'anne r, 3456 d'.,. the- di sk drive,''

98 ! PRINT "• * r. tM hE pr Irter. The s .'. en- vol, t mete tr isn't 'used,.'
too0 PRINT "* Vo:ltmeter c:omplet e sho:uld be c:,ornec: ted to ext.* in':."
110 PRINT "*"
120 . PRINT "* Loran C should be ':onnected to R5-232 interface #IL"
130 PRINT "s" Set Loran C mode 14 to 999999"
140, PRINT "1* Set mode 15 to month/day i.e. 0411 for APRIL 11"
150 I PRINT "* Set, moQde 12 to 1"
160 I PRINT "*"

170 PRINT ."* Turn on the equiprment ani press CONTINUE when ready.'"180 PRINT

190 PRINT *****-***---------
'.00 PAUJSE
210 OPTION BASE I
220 CON M 3c , ,r, E'.-"v r,, Ctr. , Ctr2, Pit, Prt. , X"ri rp., Xm:<na:, Ymi n, "t tm.*ax, INTECER Fi 1 ou
n t
2:30 COM Tirne$(1: 10,.:4rC ,,Se.d.tZ(1;)t9O0),lin,.ts(. )r2fl
240 COM Posd.., , 0: 50) r,?r) ,D i'gd.t,(.0,4)C122,Ppdt$'::1,,',)C422
250 INPUT "LOOK AT PREVIOUS DATA ONLY?",A$
260 IF A-Et,,1.>"Y" THEN Cont
"270 File: INPUT "WHICH FILE ('EOI.,E323,20. >",Fi le$
203 ON ERROR COTO File
281 PRINT LIN<(1 ),Fi IerLIN 1;'
290 1 1,coun=VALFi le-S4;23L:
300 OFF ERROR
3 10 Nolor.n=O
321.A INPUT "WAS LORAN US.ED?'",
330 IF RAC1,%2>"'-Y" THEN Nolra.,=1
340 CALL Dat.anl (N':' 1oran)
350 COTO End
360 Cont: Fi lcountO=
370 PRINT "Set Front/B.a•,:k .wit.ch oan 3456 DYM to Front''
380 BEEP
390 DISP "PUSH CONTINUE WHEN READ"Y'
400 PAUSE
410 CALL Init
420 SET TIMEOUT 8::0000
430 ON INT #1,5 COSUB Timou•t
440 RESET S
450 OUTPUT D.m,"TEI"
460 ENTER Dvm;A
470 IF 0>7 100 THEN Dvmer-r
480 OUTPUT Dvm; "TEG"
-1490 PRINT "Voltmeter paz. e, selts',,et"
500 OUTPUT Scn;"'STI"
510 ENTER Scn;As
520 IF ASK >"SE:3" THEN Scn.r-r
530 OUTPUT Scn; "$TO"
540 PRINT "Scanner passed el f"tes,"
550 OUTPUT Ctrt; "IN"
560 OUTPUT CtrZ;"tN"
570 PRINT "Counter's passed se 1'test"
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"580 INPUT "WILL LR•NR• BE U':E .. , .
"590 IF A• 1, 1". ",''" THEN N: ,:,r.r=
606 IF NHol orn THEIN :Skip
slo DISP "INITIALI:E PLOTTER'
" 620 PLOTTER IS :.,5,`'`:,72i"
S 630 BEEP
""640 OUTPUT P1t,; "I'"
""50 WAIT 2000

660 DISP "ENTER OP' CORNER PO1NTS OF PLOV

6•70 LOCATE
•. 630 WAIT 29000

690 INPUT "Lower left LONGI <Dleg,Mir, ", De,1 ,Minl
l 700 INPUT "Lowjer lef1 t LAT <'eg,Mi,,>" ,De2,Min2
7143 INPUT "Upper ri ght LONG <.Deg',Mi,',>",Deg3, Mi ,in:
720 INPUT "Upper' r ighrt LA T <Dc;g,,. Mi i>", De;4, 111i n4
730 Xmin=De.l÷Mi, I/60

.; 740 XmaX=Deg3+M i nT/60
- 750 Ymi n=Deg2*M inr2.."0

V" 700 Ymax=IDeg4+r1 i n4/60
770 Skip: CALL .e.stit(Noloran)
780 End: PRINT "PROGRAMf COMPLETED"
790 STOP
:3I,0 Dvmr't-: PRINTT "i$- s I irror ,oc:curredi on .,o t t ir., "

810 PRINT "Make jure 2456 ,vm i an ora n.d nothi ris '
. 20 PRINT "c:onnected:, i to its input te. rminrals.''

830 PRINT "Run t.his pr,.,gra.m .Ag in to rec:hec:k.
840 BEEP
850 STOP
-�* 860 K:nerra PRINT "ScIf'tast. error o:cc, urr'ed on sc:.anner.''
870 Index=NUM<Az>
$380 ON Index GOSUB Erric 1, Errme., Errg.".
890 PRINT "Chec:k sc•rnner *and' rer•n p,'oiar..rm to rec':hec:k.'
900 BEEP
910 STOP
920 Erme.l: PRINT "Cross gu.ard f=i alure'"
930 RETURN
940 Erme.sZ. PRINT "V€,I) tai lure"'

S 950 RETURN
960 Ermes3: PRINT "Timer failure"
970 RETURN
9S0 Timout: IF NOT TIME OUT(•) THEN RETURN
990 PRINT "A timn ouat oc:,curred during .,' an o:,u put. . n:r, ent.er oper. ion'
1000 BEEP

- 1010 RETURN
1020 END

;; 103.0 1
* 10340

"1050
1060
1070 SUB Initt
1010 CON Sin,num,Sum,Ctr1.,C0r2,Pl .,Pr!t

- 11.00 DIM Me*Saqq$S24]
1110 INTEGER Address
1. 120 ! INITIALIZE DEVIC'E RDD;RE'BSE'S

1130 Computer=821 SYSTEM COMPUTER
; 1140 Kn-=09 347A S.CANNER ADDRESS

-.10 Dv •2. :3456A DIGITAL VOLTMETER ADDRESS

1 I6O vrneZ5 ! 3437A SYSTEM .VOLTMETER ADDRESS
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S 1170 Pr9='7 .: ,6 A PRINTER ADDFPE";:E
1180 Ct. r1=82:3 5316'A COUrTER o:,. 1 ADDRPESS
1190 Ct=r-.:,24 5.3116A COUNTER N':,. 2 ADDRESS
1,200ee P1it=S05 9:32'B PLOTTER ADDR•SE..

1210 Bus2Sn DIV 100
1220 1 VERIFY THAT INTERFACE IS HP-IB
1230 READ 10 Bus,..; Si gn.at.'.r-' 1 CIHATURE OF '::E34A HP-IB INTERFACE
12s40 IF LT(ia..,,..:. ,: , THEN Mre!.-a@ei= PRESENHT"
1250 IF NOT BIT(.i;.n.turS,":, 00X XXh " THEN M...,e.="H'-I.•
1260 IF BIT<Sirnature,"X,, XXXX') THEN Hplb
1270 OUTPUT :,28 USING ", tOX,K,k:,K,2- .1 ,K"; "lAUTIOH: INTERFACE #"; Bas; "

S NOT ",MesSage.;"ABNORMAL TERMINATION OF PROGRAM&"
S 12:30 BEEP
1290 STOP
1300 Hpib:RBORTIO Bus 1 INITIALIZES INTERFACE AND BUS
1310 RESET Bius SENDS DEVICE CLEAR (DCL)
1320 I CHECK FOR EQUIPMENT ON BUS AT ALL ADDRESSES AND PRINT DEVICE NAMlESL 1330 OUTPUT :32,3 USING ",25:,K,I',QK "" EOUIPMENT PRESENT ON BUS #",.CHR$(132);
Bus; CHRS( 123)
1340 FOR Address=O TO :30

23503 OUTPUT Bus,Addr.s USNG I#" Ii ADDRESS DEVICE TO L.ISTEN
1360 STATUS Bus;A.,,A, A,nrbus S SEE IF IT LISTENED
1370 IF NOT BIT,':Ono,..s,2) THEN N:.t BIT 2 TRUE IF DEVICE PRESENT
41330 Massag•.;= " De vi ce rk rUn:kn'r
1390 IF A',dres•-Comput..r MOD 1400 THEN Mes sa. ; .- "9:3.5B Svstem Corp'ter'
1400 IF Addres,=Scn MOD 100 THEN Massag.,="3497A Mal.nfrarme"
1410 IF ,ddress=Dvr MCD 100 THEN Message•$=":3456A Digital Volttter,"
1420 IF Addre•s=Svrr MOD 100 THSH Messa'•.Z= "3437A SVystem Vol?,rmet, r"
1430 IF Address=Prt MOD 100 THEN Mles•age$="0S7A• Printer"
1440 IF Rldress:Cri MOD 100 THEN Me-sage.:"5:316A Counter No. Il"
1450 IF A'i,.e.='t"ZMOD 100 THEN Mesz.,e5"5: LEAiCounter No. 2"
1460 IF Addresr Plt MOD 100 THEN Message$='0:372B Plotter'"
1470 OUTPUT 3, 2S US ING Frt ; M•;;a,;eS; A,'ress
1430 Nxt:NEXT Address
1490 Fv,: IMAGE 2.X,24A," at addres ""2Z
1500 SUBEND
1510

1520 i
1530 I
1540 'SUB Sestst:Nolor.an)

1560 1 THIS IS SUBPROGRAM "Sestt" WHICH COLLECTS DATA FOR THE SEE TESTS

* 15 70 i * * * * * * * * * * * e w ~
1590 OPTION BASE I
1600 INTEGER Posi n,, Runt i ,,., m i r, '..:
1610 COM Scn,Dvm,.mCrC.Pr p Xr , a ri.a;, INTEGER Fi l':o'.
nt
1620 COM T1r•e(*•-,Se,:d.at$,*),Mindat<4-)

., 1.6303 COMl Po;da=t, sc (*,, D i ,g, a.. SC #)*. , R pt,'i,..• t, ( * )
1640 IO
1•5 Init: OVERLAP

: 1660 ABORTrIO 3
1670 RESET a
"16 680 IF Noloran THEN Skip
1 690 SCALE Xn I r. , ,nia;< , YT' I i t: t..
"1700 RESET 11
1710 Skip: REMOTE S

, 17,20 OUTPUT Scn;"'SSE0$DITIC0"

----------------------------------------..----------.... '.,- .... . ..... - -



1.730 INPUT "ol: y . u want t c: ,h.anr• t i ",
1740 IF aC 1, 1 . "". THEN :eept.i;,
1750 AS=
17050 PRINT "Ent'er t ime ofto da. into . c: anner man.ual I.
1770 BEEP
17S0 PRINT "1Co,'d is: : Shif 9 T, 1I , IMMD DHHMM'I : ...S;.
1790 LOCAL :3
1•00 DI,:P "PIJ:UH CONTINHUE WHEN R.EAD''
1sle PAUSE
1820 REMOTE 3
1830 K"ept i r:T: OUTPUT ; HT4Z H 1:-,T I 0-Trr,1D 1M F'P10 -MOI 0-00 1
1840 WAIT 1000
1S50 LOCAL LOCKOUT :3
1860 Fr'nrwt: OUTPUT Dvrj,; "SWI-"
1870 ENTER Dvm;As
la88 IF W$:"O" THEN R..r'wt
1890 BEEP
1900 PRINT "Frort,Rear swi tch.st t:o fro:,nt
1910 PR I NT "Pro:,,rat , . r. i ,',,. for y'o:u t o ,: chan. • it .'
1920 DI SP "PUSH CON'fT I NUE WHEN REAiY'"
1930 PAUSE
1940 C~OTO Frnrtsw?,
1950 R'.a. wt; : MPIJT "How long is test. (1-10 rin' r ,," :u'ru ,i'e
1 9ý0 IF (R,.intimei, ?,'10::, OR , Run,,t •'i e l,, THEN R .arew..
1970 RED Ir Ti r,, S: 1: Rurn• i r,,i ,S, 0 : 4,, Se',dat, . , .'ur, i r,' ) ,ri n ,•a• . (Rrn im r e,
1980 RED I r, Di , . .' Runt, i me, 4), Rpm'atR , , Rut, m , 0 ')
1990 IF Naloaran THEM Re,;,..-
2000 REDIM Podat,,0 :50 )
2010 Retry: Poain,=0
2020 ON INT #11 'GOTO L,:ran,•k
'2030 DISP HWA ITINGN ON LORH-,-C'"
2040 ENTER 11 B INT NOFOR1RT ; Po:.-: at . ,.. 0,
2050 CARD ENABLE 11
20s0 ENABLE
2070 Wai t I : COTO Wai 1
2080 Lor.anok:OFF INT I1I
2090 PRINT Po,:ls'iat0>
2100 CALL L ., 1 On,; K Poi I n,, P':',:d at S ., ,,: i.a?..a. :{:.:, ',',)
2110IF AGoo,:at.,a THEN MO'VE ,y y
2120 IF NOT Good,•a THEN Ret'ry
2130 ReP ady,: PRINT LIH(:2),"PPogra sta andi'g , r', fr',, te s t'
2140 PRINT "PRESS CONTINUE TO :.TMRT TEST",LIN,::2
2150 BEEP
2160 DISP "3TANDING. BY FOR TEST"
2170 PAUSE
21t0 ENABLE
2190 IF NOT Noloran THEN COSUB L:,r an',:
. 200 ON INT 08 COTO Scnint.
2210 CONTROL MASK :3; 12
2220 I*****4****~
2230 FOR Mimat TO Ru~ntime
2240 Mi ndats(li n)z".
2250 SET TIMEOUT :5;•0
2260 OUTPUT cn;,"TD"
2270 ENTER S,:n;Ti •,, -1.'in,0
2280 PRINT "START OF TEST MINUTE ":Min;" " AT ";Timn S,'in, ,,

22.690 OUTPUT Scn""ARAF1AL4ACIRE1TI1SE0I0"I 2300 $e•:datSlMin)3"= ..

.310 FOR S-==1 TO 60
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- 2320 CARD ENABLE 8
:2':330 .ai t : GOTO ai t
2340
2350 cni Snt .:STATUS Scn; S
2 13E0 IF S=7L2 THEN Oon, 1

2370 1OSUB Ti r, ut
.38 1;0T 0 C o r, t, S

39 0 ContI: CFOR K=1 TO 4
2400 OUTPUT Dvrs,; "V3"
2410 ENTER Dvr,'r, NOFOPF:f'lT; Sd.-at.$
2420 Se, ,.t S (M1 ii) ='e,: ,.t S i r, ) :'.d.t
2430 NEXT K
24I0 IF Sec MOD 2=0 THEN
246 1 OUTPUT Ctrl;"IN"
2462 OUTPUT Ctr2; "IN"
2465 ELSE
2469 OUTPUT 1trI; "FNZ"
2467 OUTPUT Ctr2; "FP2"
2468 END IF
2499 ENTER Ctr l; Ppti,.t S(M in, '.et:) CI; 213
2470 ENTER Ctr2;Rpr,'datS(r'1irL,:)Cr2,422
2430 IF Se': MIOD 4=0 THEN BEEP
2490 IF Se': MOD 15=0 THEN Gettime
2500 GOTO Co,'t:3
25t0 !

2520 Gettime:OUTPUT S,:n;"Tf"
2530 ENTER Scrn; Ti ,.$ In, Se,: ."5)
2540 PR INT Ti meS< i,: , $4-': 15) STAUS O).K"
2550 I OUTPUT S'.m:n;" DL"
2560 I ENTER Sc r,; j ia, . ' i n, :,15
2570 I OUTPUT :St:n; "DL2"
2580 I ENTER Sc.n; Dat a4
2590 I Di ,d at $ ( M i n, Se:, 15, =D i d.t d XMK ri /, S:', , .ii 1 D S
2591 D i g Lt $S(Ii r, '$e, / 15) " 0 0 0 0QVi0 Q0 "
2600 IF Sec<60 THEN Cont:3
2610 OUTPUT Scn;"TIARAPSALLIA'ZSAE1"
2620 FOR K=1 TO 7
2630 OUTPUT Dm..,m,; "T2"
2640 ENTER Dvrm NOFORMAlHT;(Midt$
2650 "" 1M i n a 5 S .I i M I tin . $ : , in i -, :f I,1-a•,t S
2,60 NEXT K
2670 Cont3: NEXT Se,:
2680 NEXT Min
2690 OFF INT #11
2700 OFF INT #3
2710 DISABLE
2720 OUTPUT Scn;"TDt"
"730 ENTER Scn;Td$
2740 PRINT "END OF TEST AT ",T-iS:LINH, )
27,50 IF NOT Nolor.-an THEN PEN 0
2 760
2770 GOSUB Dhiks,,
27690 BEEP
21 7 790 INPUT "IDo y, u wa&nt to, PRIHT d.t .>,?" AS
2300 IF R-SC1,1 z="'." THEN CALL D at an No ,or a•r,)
7S10 INPUT "Do you wish to t ake mors Iat a'• • S*
. A620 IF AS C I I]"'Y" THEN Ini t
2a830 SUBEXIT
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2:35P1. Dis k st : ':UBROUTINE WHICiH 'T:iPE ; D- 1 7; T CM 1 : : N I:F
2360 i TwO COPIES 'IF THE DiTH FiPE RCCORDED
2 is 7 ! EAC.H WITH i:HEC:K .REiD EtIABLET.:
2880 SERIAL

Z390 F i I count, -F i I, . t +

2910 F 1 k 1 S="'., E: , 'A L $ :.F i 1::,I r,• ):" :Ht H 1, ,0"
2920 F i I 2•.= "S E,:', ' A L S ,:. F i 1: o.r, ):•" : H7 0, 0 "
2930 Polt nPosidPo i nd- I
2940 IF Noloran THEM Posind=0
2950 ON ERROR GOTO Errf'
2960 Norcrd=IIIT( 'R.it, I i , 916 "F.. il2? 5 '
2970 Try.,gn: CREATE Fi 1 * IS, Nor",:rid
2980 CREATE Fi I.2s, Nor,: rid
2990 PRINT "FILENAME IS S3ES; Fi I ceun' ; ""

3000 ASSIGN #1 TO File*1,Rtc.
3010 ASSIGN #2 TO File2$,RRtt1
3020 IF RetG OR Retl THEN Fi-rr
3030 CHECK READ #1
3040 CHECK READ #2
3050 RED IM Poia.t s (0: Po i,)
3060 PRINT 0 1 ; Ru.nt, i me, T i rS
3070 PRINT # 1; S-,i:dr$*)
3080 PRINT ; 1M ; 1 i mid•• $)
3090 IF NOT Nol,•lr.ar THEH PRINT # ;P,:z 1r,, P si.', .
3100. PRINT #1; Dii d,*)
3110 PRINT *I;Rpr,:dltr$<*,),EHD
3120 PRINT #I;END
3130 PRINT n
3140 PRINT $2;S• .: dat,$',.;,
3150 PRINT #2;Min'idi5(.)
31,0 IF NOT Nolortan THEN PRINT #P:RPINiTdPo ,. z,.,-,K
3170 PRINT #2; D i •l.T, 'S*e.
3180 PRINT #2; kpmaat 3,
3190 PRINT #2; END
3200 PROTECT File$S,"SE$'"
3210 PROTECT FilI2S.":3E3"
3220 ASSIGN #1 TO f"

3230 ASSIGN #2 TO ,
. 3240 OFF ERROR

3250 RETURN
3260 Erre: IF (ERRN=:0, OR ,:ERP',=:-3:, OR ORE=:5., R ,.ERR.=-3S9) OR ,'EP. H=•4 OR
(ERRNw54) THEN Cont5
3270 DISP ERRMS
3280 WAIT 5000
3290 PRINT "ERROR MAY BE RECO'ERA.LE"
3300 BEEP

• . 3310 INPUT "DO YOU WANT TO COriTI MUE ,:."/v H",
3320 IF ASC1, 13="'," THEN R.d,:,
3330 PRINT "DATA FROM THIS RUM LOST"
3340 RETURN
3350 Cont5: IF ERRN<>:,30 THEN Cont.6
3360 PR I NT " Door" ,:p •n , , rd pu h o,, r
3370 BEEP
3380 PAUSE
3390 GOTO Rtpest
3400 Cont.6: IF ERRNK>33 THEN CLn•T
3410 PRINT "Med i a ,.,r" i •. pr" -: ., .: r' . ,, h , : nt . e
3420 BEEP
3430 PAUSE
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3440 COTO Rp, .t.
3450 Co ti7: IF ERFN->:35 THEtEN C:,.
3460 PF.:INT "N,:t i ri? i 1 i r ', i t-i ar I t, Ed 'di, i s.., .h ::r, p r-o."

41470 BEEP
34O F AJ,•US E
3 349?0 COTO Rep.? at,
3500 Cotn,:3. I F E RRN<N: >*9 THEN Cor 1 , 9
35 1 PR I NT "Che, k r.-.- er r, trad, . ., dia ., F:Iu h ,:,:, I rius.4 ,,h'enr re ,.jdy
3520 BEEP
3530 PAUSE
3540 GOTO Rep&.tr
3550 Cont.9: IF ERRN,>64 THEN Cont30
3560 PRINT "Out ot" room orn dis k,"
3570 PRINT "Ino err a roiw pair ,:,t" disiks .arid ju h corntiru•:"
3580 BEEP
3590 PAUSE
3600 Contr 0:Fi tlo nt Fil,:,,.: r,+t
3610 PosirnduPosirld+1
36.20 GOTO Imcnt
3630 R.p*at: IF ERRL=,2-3SO THEN 2970
3640 IF ERRLv2.70 THEN 2.,,
3650 IF ERRL>-:1010 THEN 31:30
:3660 IF ERRL>10,2'940 THEN :30p.0
3670 Redo: I
3630 PURGE Filet$
3690 PUPCE F i1,2S
3700 GOTO Tr•,a'g n
3710 F I erý:"IF Retl THEN R.trril
3720 ON Rte t0 'OTO Err-I, E:i
3730 Retrmn:ON Rett GOTO ErrI,Err.ý
3740 Err I: PRINT "File c:ou• , mot, be "o" d disk
3750 Err2: COTO Redo,
3760 Ti mout -IF NOT TIME OUT(:-3) THEN F:ET.!RN
3770 PR I NT "A t. tn'.i .:,u, t o,: 1u, rr d u , .4 r i r n ' an oi.. t u•.,t e:ti ert, er :p.rp ,, ir a :r*
3;.:ý30 PRINT "THIS3 LWIILL RESULT IN LOS.:S OF SOME DATA"
3790 BEEP
M$00 RETURN

3310 Loranc : CALL L.• 1,or,,•'Po. .: , ,I .j ,. ., '. ))
38u0 IF Gooda•k.. THEN DPRAW X1 x< ',Y
3830 POs i rd"Po e, i nd+I
3840 ON INT #11, 7 GOS1JB Loran':
3850 ENTER 11 BINT NOFORtiT;PoI . . . P,31 i,)
3360 CRRD ENABLE I1
3870 RETURN
3880 SUBEND
3290
3900 I
3910
:3 9'20 SUB Dat an 1 No Ior an3930 IU ~ lho o-=..

3940 1 THIS I3 SUBPRO.CRPr. " ari ln 1* WHICH CON"EPTS
3950 1 AND PRINT! DATA FOP SES TESTS
3960 THIS PROGPL1i I • CONTIHIUJTION ',F A.ND.'
3970 1 RETURNS TO THAT PRI:Gi"M WHEN THRI'1Ji.;H

3990

4000 OPTION BASE 1
4010 INTEGER Po. i ,rd- Ru n. ti . •,f -i Ti r,.
4 0 2 0COM Scr• . Dwi'.•,..n1,.. r C,.r T1 P.,r ,i niBL:e:nll :,"n i n1,r,y ,.;. I H TE1EP FFi 1,: 1.
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i• nt
40-0 CON TiAme', ::),,,. ,Z'.,:d t.t :..* r'tI Bd6t. , x .,

'' 4040 COP40 0 ) P te da (2 ... Q% •'M irid a• 7,

40'70 L S i 1 I I: , ' t H .
4 08 0 ASS I CH # I T0 F i I S ,R-P .," E,':."

4090 IF Ret, THEN FilrIr.
4100 IF TYP( I ) >5 THEH Er'r.
J411t0 READ #1 ; R unrtarnet
4120 ON END #1 COTO Err?
4130 MAT READ #I ;Tirte, I :runt. i me,0Jt 4)
4140 MAT READ *t 1Se,:,dat $(Runt i me >
4150 MAT READ *';ln n tirae)
4160 IF Noloran THEN Skip
4170 IF TYP(1)<>5 THEN Err:3
419 0 Ind: READ #llPosindi
419 0 MA T F ERD # 1I P'oz.,atZ '.: t Po- i r d
4200 Sk i p: MAT READ * ;IDi d;.at ,, Runrt i me, 4)
42 10 MAT READ * I Rpr'idat S .. .. t t I (,,6,0
4220 OFF END #1
4230 IF TYP".1)<>3 THEM Er-r'3
424.40 M nu PR I NT L I,',1 ) ."h-a t d t aL d0 1 1.' WArt to 1 ook Bt ?
4250 PRINT " Analog data. taken each .econd = I"
4260 PR: INT " An.valog dat.a *t.ak en each m i nt,.: -= 2,
4270 PRINT " Pos it iorn dat a = 3"

42t90 PR IHT " T orque ,lt,. . each 15 se,:,ods = 4"
42'?90 PR. tNT " 'N Id At AU t !ake e ?AC h s4e: 0 l"Id =
43800 PRINT " N, te, o',.r m,: a r i n (r,,,;.ra•.r = 6", LI'N I
431Q INPUT "ENTER NUMBER OF YOUR CRHOICE", C.ode
4320 PRINT Code; "EHTERED", LIR..L 1
4330 ON ERROR GOTO Menu
4340 ON Code COTO : P Rp,, Ex i t
4350 OFF ERROR
4360 Sect 4 S M ':oMd dat,.a ,:onvtrSi on1
4370 Over: I NPUT "ENTER M1INHUTE YOU WANrT DA TA FOR" ,Ti m
43S0 IF <Ti el>Ru'nt ime ) OR <Ti me<- =0) THEN Oer,

* 4390 PRINT "Minutae";Tieme
4400 PRINT "DATA FROM ";Tir,',"-(Time. "T Timre,.E4)
4410 CALL UnpkS6( cda , T re.' ,: ,at (4>)
4420 PRINT LIN'2),"At ALOG DATAi TAKEN EAR CH :1 ECO NiI",,Uthi)
4430 PRINT "A'i"W ANGLE ","AW RATE RPUDE ANGLE TOW
LINE FORCE"
4440 PRINT " degreess d,4e1;re .•..'as'.2: de gree.es4i pounds",LIN( 1)

4450 DEC
4460 FOR 1=0 TO 59
4470 A.as-4. 2"•3 , 7. +2Ic dat < 4* 1 +3 + 19. 499
4 44L0 Rang I A=2* C3('.'-B Q,.."'.' .' < I'.i-. -2 1 4 .75
44910 PRINT Se':,iat(44+1 -'1)35- 464.3!,'$,.:,dat "41 .. 4-. 1,
t(4*I+4)
4500 NEXT I

4510 GOTO Menu
432.0 Mi n: Minute dat a. ,:,ner.ion
4530 Overt: IHPUT "ENTER NIINUTE 'Y0.CU1 WNT DATA FOR",Tij,,,
4540 IF (Ti nitlR,.t1me) ,ZP (Ti;fe.:0) THEH O3,',erl
4350 PRINT "Minute";Tinie
4560 PRINT "DATA FOR ";Times'Tmn~e,4
4570 CALL Unpk 3 (Mi ndat S 'Ti re ,M i ,da. . ,)
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"i 4500 PRINT LII,'I2),ANALOr: DA TA TAK.EN EACH MINlUTE",LINK,1)
S 4¶=90 PRINT "Cu-shionr Fp iz..,•rJ. f,,d = ";ii,.i't )2. ,;" psi,'i"

4 ..0 ,0 PRINT "Cu.shion pressure is s ' t = '¼ N I rf,:. ':. )-:2. 5; " p i ,:id"
4610 'PRINT "Fwd seal press_ r.4 = ";Minrdat,.:M'," p.i;

* 46 20 PRINT "Aft zeal pre-ssu' e -' ";Miirdt,?.. 4,* .5;" p" i "
4630 PRINT "Wind dire't.ion = ";Mindat(Vc5-i0;:" De.g-ees rel.at ive
4640 PR i HT "Ni rid sp .e,'d = ";Ninrat.'.:.)*:-O; MPH"
46.30 PRINT "Pitch anrgle. = " in,. ' )-" " Degrees''

4660 ' ,ZOTO Menu
4670 Poa : 1 Posit ion da,•,a
4680 IF Noloran THEN Posindi'3
4c90 PRINT "A total oF ";Posind;" positior .at a poi nts, were takm" ,LI•
4700 Point .:ItNUT "FIPRST AND LAST PFOINT OF DATR",IFirst.,Last4710 IF (Firs•>Last) OR (Last>Po.:ni'i) OP (Fi.st<0) THEN Points

4720 FOR =First, TO List
4730 PRINT LIHI),"Po-itio" point

" 474VLI PRINT Po;;d.tV. , ,:

4750 NEXT I
' 4760 GOTO Menu

4770 Tot: I Diigittal data conversion
M470 Over2: I NPUT "ENTER MINUTE YOU WANT DATA FOR",Titme
4790 IF (Ti'me>R'an.t i,'e) OR , 0Ti •,i"=<0) THEN O',.r2
4M PRINT "Minute";Time
4S10 PRINT "DART FROM ";Tirie•':'Time, );" TO ";Tir,'a'r(Tiri'e,4)
41020 PRINT LIM' 2.), "TOPiflUE DATA TAKEN EVERY 15 SECONDS",LINI1)
4830 PRINT " STBED TORQUE PORT TORQUE",LI'.I)
484,O FOR 1=1 TO 4
4'?50 PRINT TASKS), Di';dk,$,Tiie, 1) 1;i2, TAE(25) Di,;'f.t,(Time, I)r-;62
4860 NEXT I
4870 COTO Menu
4880 Rpm: I Rpm data :onvEr" ion
4890 Over:3: INPUT "ENTER MIINUTE YOU WANT DATA FOR".,Timre
4900 IF (Time,>Runt I me) OR (<TI m•. ) THEN Over3
4910 PRINT "DATA FROM ";TTime Tire,0);" TO ".;Ti riie.(Tirne,4)
4920. PRINT LIN<2&,"RPM DATA TAKEN EACH SECOND",LIN(I)
49-1 PRINT "SHAFT 1 RPM"; TAB( 10>;" DELAY" ;TAB(4'. ."SHAFT 2 RPM";TAB.61.;1"

DELAY, L I N (2)
4931 Avgdl &y1Av,;deI ,!2=0
4940 FOR 1=1 TO 60
4941 ENTER Rp ri'iat. , T i SIN, U ; r;Ppm 1 R pmr2
4960 IF Rpmdt.$,(TiTi-me,I)E ,11="F" THENC
4961 PRINT Rpm*60; TAB':,40::';Rpr"2*60
4962 ELSE
4963 -PRINT TAB<20);Rpml ;TTAB.60;,Ppm2
4964 Av'de 1 ay I Av,;de I ay I +Rpm 1/30
4965 Avgde 1 a.2=Avde I 1.2+Rpm2/3 0
4970 END IF
5000 NEXT I
500 1 PRINT LIN<Z), "'A)'; ,'t ,"; T BK2O) ;Av,:dlay T ; ,.'>0 ) ; A,, de . .2.
5010 GOTO Menu

I 5020 ErrS: DISP "Incorrect data type found"
5030 WAIT 3000
5040 SUBEXIT
5050 Filerr:ON Ret COTO ErrIEr-rZ
5060 Errt: PRINT "File could not be f'ou.mnd on 'i. k"
5070 Err.: PRINT "RETURN VARIABLE =";R.

5080 Exit: SUSEND
5090
5100 0
5110-



.51 213 S UjB Ujn 13 1 n$ I u ,: -.4 t 5 9 • 4 5 PZV. F1 S .2-S /S
J 5130

.51 40 INTE:EP ,J , I, B. I .. B-," B:-;', B

5150 N=LEH L I rE N
510 .,=0 1 DO THE UNPAlCK
5170 FOR 1=1 TO H STEP 4
51se J=J+l
5 190, B I a UM I n$ Cl13

5200 B=2N=UM(ImsC I+I ,
5210 B3=NU.( IrIns$I + 2, 1
5220 B4aHUH(In$C I1+3 1
5230 Out (J) ,* I T 1.:B*t0)T0 . 1.:HIFT,:* :' 4', ..--, *- I N*BItNAHiD; B2, 15)+.001 * '.OHIFT B3 4>4,
00001 *BINAND B:, 15) .. b0LIv:HIFT B4, 4:). I000)1-BIIFANE D'.:B4, 1.5)
5240 Ou t ( J')a=Ou t,< . ) ,6 1 - .-.*" .. I T .B I ,I 10- ' 1-2*B I T 1 ,7 ,, !:';H IFT (B I NRNi • .B I, 124, 2 )

5250 NEXT I
5260 SUBEND
5270
52S0

5 00 S IJ B L-t I , n I TE G E P :. i rd, FPo ,.. $ .: E+ A LE L o d a , ",'

5320 1 THIS IS S'PURGFPROG RA "Lat iongr' WHIC.:H5330 1 CONVERT:S DFiTT FP0"i)' THE LOPF'. 1-C TO NUMBERS.'. W HIC.H
5340 C INR BE PLO.'TTED,
5:350 1 THIS PROGR:Rm~, 1:1 '*;FiLLE," B r,*' Sl1.BF'F'OGPFiH "1:B*.itst,"

5K30 1 FD RETURNS'.: TO THWT PROGRAM WHEN DONE.
5370 1

S390 Jae

5400 Goo .. I=1

5410 FOR 1=50 TO "..
5420 IF Po d.•.sPoirid)CI;:-)="FOITIO'" THEN J=I+:S'
5430 IF J<>O THEN Cont
5440 NEXT I
5450 1: o 0 d -, a= Q
5460 SUBE::< I T
5470 Con?,: J1t-

5 5480 FOR 1=6 TO 20
5490 IF (<P.,•'j.at$SkP,:,in,'JI: 1=0") RND ,P:,•,at,' Po ir,>CJfi; 1. A<"9" T
H5N J12I+J
5500 IF J1<>9 THENI Conti1

' 5510 N EXT I
5520 Goold ata=-
5530 SUBEXIT
5540 Cit 1: K=JI
5550 COSUB Chekvual
5560 IF NOT Good-ar... THEN S.UBEX..;IT
5570 Y=VAL ( P o s j -at I ( P,:., i n,> c ' ; 2, ) ','A L Pos.d-.ta P,:,s i n.1) C K .3; 5 ) e

r 5590 FOR I=0 TO 20
"!5600 IF P,1dat.$ (Psi n,) C.11 1 ,1 " THEH .126 I+JI
5610 IF J2<>0 THEN Cont.2
5620 NEXT I
5G30 Co da a=0
54 SUBE.X I T
55 t Con.2•: J3=0
5660 FOR I=0 TO 20
5670 IF (P,.) ,IaLr A s.:.- p 2.3i; ..="' , 1 p. , I , +

THEN J3=1÷.B-
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5680 IF J3<M> THEH Cort:3
5690 NEXT I

5710 SUBEX I T
5720 Con t3: K=..J:3

530 ,GOSUBJ Che,:kva.
5740 IF NOT G,,: t.a THEM '.IJBE:. IT
5750 X = AL . F'oina,! .... Z.K F' :,; n ,I . C ':.; 22' +Y,* ,R L (' %,:, .at: . ; K. P. ',:; i r'Jd C' K+".: 3 5 )/

5760 SUB EUXV I T
5770 Che c kv. : Goa.'-i.at, L= ti
5730 ON ERROR : OT' PB.d.t,
5790 Durm•y=VRLPodaz £('Pos i nrd) E'K; 21)
5808 D .my',, =. VAr L ( P, -D LP dat St'. P os. i n,) C K +3; 5 )

58a RETURN
58020 Badata&:OFF ERROR
5830 Goodto =0
5840 IF ERRN<>32 THEM Error
5850 RETURN
5' a'3 Error: DISP "ERM.$rI"
5870 WAIT 4000
5880 RETURN
5La'4 J.SUBEND
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COMMENTS ON PROGRAM "ZIGZAG"

This progrm was used to read yaw angle and rudder angle data from a
floppy disk. It reads the data in the format used by the main test program
SES to store it during the test.

The ZIGZAG program converts this data to the proper x,y coordinate form
and stores three curves in file PLTDAT for use by the PLOTER program. These
three curves in order are yaw angle vs. time, rudder angle vs. time, and
displacement from base course vs. time. This latter curve is stored for only
the first 120 seconds.P The program also calculates and prints the predicted latitude and

~ longitude coor~dinates which result from moving in increments along the curve
and calculating the next point based on speed and heading angle. Since the
speed of the vessel changes in a turn, a factor,' K1 in line 920 is provided
as a multiplier for ship speed. This factor can be used to adjust predicted
latitude-longitude coordinates to agree with the actual values measured. This
is necessary to generate an accurate displacement off the base course also.

The rudder angle calculation in lines 490-500 depends on the test
configuration of the transducer. See Appendix E for a further discussion.

The program uses the first time (after 20 seconds) that the rudder angle

the base course is held at zero.

The yaw angle is averaged for an integral number of periods beginning
with the first zero crossing after 60 seconds and running to the last full
period prior to the end of the data.

The scale for displacement off the base course is expanded by 20 times.
Therefore the plotted values can be displayed on the same scale as the yaw and
rudder angle. For an angle scale running from -30 degrees to +30 degrees the

* displacement value scale should run from -1.5 to +1.5 ship lengths.
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'A 10 M*** AIN Ff.OGR.: 'IGZA," .
20

30 PR I N T E IS ',:
40 OPTIIO0N B8ASE
53 COM Prt I ITE.ER F i 1,:,ur t
60 C 0 M T i rA4 -.1 < I : 10 , . t 12 :3-e,,.a,.,) 0 C 9 6.0 1
70 Prt -= S1 23
:30 Fi le: INPUT "WHICH FILE ::::-LE:..O ,$SE:20.. > Fi l .
'9a ON ERROR GOTO F i I e
too Fi 't,-YAL(Fi I"SC 4 ;2 )
110 OFF ERROR
120 Nol oran= Ir 130 CALL D-at an I < N o I o.r, an
140 END

170
180
190 S.U B D t ýan 1 ,No 1 c,,r'an
200
210 OPTION BASE I
220 INTEGER P,:',.i ni, PFart, i r,-, Ti *,,,..s, Lat , Lo ;,:, TI , T", Hui,
2:30 CON Prt , I NTEGEP F i I,:,:,nt
240 C0 I Ti me.S e: : S• da $ * )

2150 ~~~DIM S' e. d-at .'*: 240) 7 ", 1i rd-at. (6
260 IDIM S dat 1' 6010),Sd.at,: 600)
2.70 DIM S a -at ,Z'j -. 'at 4 ,: 0, 0 )
28,

290 FP1 I *eS= "ISES,":,VALs ( F i I ,ourt ),O : H7"
O3. ASSIGN 01 TO F $,Ret,....

310 IF Ret THEN Filerr
320 NI=0
330 IF TYP<I)<>5 THEtM Er'rS
340 READ #1;Rurt. ime.
3!50 INPOT "MINUTES OF DATA TO PLOT", llru
360 IF NI,>Rutrt. i nme THEN a: ,.=Runt i ,4e
370 IF Nrn<=0 THEN STOP
.380 Nopts=Nm*60
390 "" ON END #1 COTO Err:3
400 MRT READ #I;TiraEi.S-,$:Rnunt ir me,0:4)
410 MAT READ #I;ISec dat.•SRu, tiriw.:.',
S 420 DEC
430 FOR Mi nn t TO Runt 1trfE.i
440 CALL Unp k 56 ('.. : , , '.. I H in;', Secd& '. at >
450 FOR S',:=0 TO 59
460 I:(Min-1 )*60",','"c~t-

470 Sdat 1K I S .,t (4*-': + I . * 35
480 IF <AB,1,.(Sit 1(.1> >90), AHD <S'd.at :*;0I ) THEN Sda•t 1',1 e:1)

490 Aam- .. 791 7 -.- :tat,: 4 (4 : + 3.,. + £'39. '970
500 Sd 2 C Id) 2*t •R C'SI• 1;! +.P (•. I9 25 - .... '- I A ::1 4 :3: ) -50

510 NEXT S'e:
560 NEXT Min
530 PURCE "PLTDAT"
540 CREATE "PLTDRT",1 5O

4 550 ASSIGHN *2 TI: "PLTDAT"
560dO PRINT *Z;N:,pt.
570 Avg=Sclatt .,
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5:31 FOR 1=1 r:, HN.-pt.
5 sd -a r, i I =$*k. =Sj I I - -

-:~ E.'? NT I

650 END IF
N E T I

6~ 70 Next: Jr 3
680 FOR I=T141 TO Nopzs

693IF :3s~ II'')>'N d~11-I)THEN J=.I+ 1

700 IF J MOD 2=13 THEN T.2=1

720 v0
7 3 C Nx t FOR I-TI TO T2
740 'J;A;$a1 I

( 50 N EX T I T-

S 770 FOR 1-1 TO) Neopt

e PRINHT #2; 1I; '3d.a I :I>

see NEX:T I
aleFORIN 1=1TONoptaFOIItTONot

<1 30 P R INT 14,2; 1I, :3i at2; 1
$40 NEXT I
85 as NI.2
8 fs PRINT #2;N1
a70 S~d5j~*1 ;9F/E

90D0 INPUJT "SHIP LENGTH .)",Lrt
L e Ln =L e m; t h/`0 1 .&1 i f': r %/L.'.L o ..-'2 S~ ~I f' * LI o 1 4

920 Kai .*

930 Diim~=
9 40 D ispril i ?10

9'50 .. REPEAT
970 jat:k'1*1M

9913IF I10THEN PRINI T I~ Sd at,

Lel1a UNTIL.(ISdt ::5. FIWD 1 ->2 0

1030 REPEAT
10 4 a sdat 3 1 MS d at 3, I-1 ) p4't td SI h .:i,1(tI.::IxK

10 60 I F S a 3 1 > D 1 sp m a,- T HE N 0 i .;p .&, =5~ Sd :t "I
1070 1 F S d at:3' I :, ;. p Iri, n ri THEN D i~ pmi n -3J a .3 e:I
11,30 I F I ý= 1 0 TH ErN Pi MnT *16'; I dat: :

* 090+I
1. 1U UN TIL. I INpt

110INPUT " Ini i, &I L at -Lc:rig ri-e-M i r*'L. L og.L,,l;
112 INPU T " Baj C o ur s e D C.u rI

1 10LatQ=Latd-Latm
1140 FactCOS'Lat0)
t1150 PRIN T PAGE, "T ir L at i t'.i.d Lo m, i u de 1 L I
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1 160 FOR I1= TO lopt I
1170 3,. ta=-Cc,.Jr._-" i."-RTNi'.I at3,'i~• . I :....=;-t.•t 4 I )
11:30 LT 't4: I )t. C 1 S. - B B. t)

1 ? 190 Lit =at :. L t nj+L 3 ,: - . . .a C7:3 " 1 0
1230 Lon,;• . L,:,rgem-u-:L I N'w rt g a().. ,F a.: , E ' 100

21 10 IF Lia.t 6000 THENI

"'1 0 L.atd=Lit.,i4 L.at, DI'V 6vJ00

1230 L.at=Lat MOD 8000o
12'40 Lat m =L-a trm- 60
1250 END IF
1260 IF Lon;>60L0 T"-N
1270 Lon,;d=L,:,r,, .ab,.ong DI' 6
1280 Lon'=Lorg MOD 6:0•0

1290 L o n ig i = L o n qi'r- q en 0
1300 END IF
1310 Minus: IF Lat,<0 THEN
1320 L ,ti = L.-at ,:1- I
1330 L.-ta =L.-at + 6000
1340 L-ait =L.at m+60
1350 G OTO0 iu si us
1360 END IF
1370 Mi nuz : IF Longr<0 THEN
1:380 Lon',;d=Lor,';d-
I390 " Long=Loig+'•00i0
1410•0
1410 GOT') Mirnul-".I
14,0 EN.) IF
1430 Lat r 1 =L.at/ 100
1440 Lon'm;1=Lon';/100
& 450 IF I MOD 4=0 THEM PRINT I,Lit,-;Lam ,Lru;,; Lon';rn,1
1460 N EXT I
1470 P R ,.tP L I N f,: I' > P1i~~ -a m um Dl i z. p' "I k a ': ffi~l t i. sI p ri-•, ax M r e ri Diz Ia , r
t = " ; D i ,,pil i n

1480 PRIN"T LIN(1), "E.t CECIUTE TItN1E I'S "T O
1490 S UBE.< IT
1500 Er.?; D .I s3P "In': or ,r t: d a.•t. a t 2P•ej . f",:, ,., 1 n "
1510 WAIT :30 0 0
1520 SIUBEXIT
1530 Fi lerr... ON Ret GOTO ErrI,Err--"
1540 Err P-: PPINT "File c:oulid not bE found or, jdIisk

1S3O0 ErrZ: PRINHT "RETURN VARI.UBLE = R;Pet
1560 Exit:SIJBEND
1570
1.580

1590
1600 SSUB ULnpk 56, I.t, t ( ".':' P nS:35/'45 REV. R 6,"2''-,,3.0
1610 !

1620 INTEGER H,J, I,B1,B 2',B3:,B4
1630 N=LEN( I n'
1640 . DO THE IJNPACK
1650 FOR I=1 TO N 3ThP 4
1660 S='+1

"* :670 B SI=NUM," , r,. I 2")
S 1680 S2aNIJM InS C I + 1
1690 S3=NUJM ( I nS C I t",Z2 "
-1700 34=NUM ( I nS r. 1 +3
1710 Out ( J). 1 mB I T( B I ). I H Ir. FT..:2. B . 0 0 IIDR H C ).O0 QI.
SHI.TBS F)1.O T0 BB 0... ... 0 Q-0O1$B 1INZPIFý1 1) 4Z'3,005000I#BINANDIBI F 7:
1720 Ou~t )=Ou~tc I)# i-2 -!B ,T .31 S :2*BT 7: , 3 H 7,r s

>9



D(3tB 124f,2>
I, 730 NEXT I
1740 :3IJ B EIN D
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COMMENTS ON PROGRAM "PLOTER"

This is a general purpose rectangular coordinate plotting routine
developed by LCUR GOODWIN at the R&D Center. It can be used to plot data
entered from the keyboard of the computer or from a stored data file, PLTDAT,
stored as:

No. of Points

x , y One (x,y) pair must be
x , y included for each of the
x , y number of points specified

This file must be named "PLTDAT" and must be on mass storage unit :H7
which is a floppy disk.

The limits of the plotting area and other information are requested of
the user as the program proceeds. An information block can be positioned in

any of the four corners of the plot or be left out. Two lines of title are
allowed. The vertical axis can be positioned on the right, in the middle, on
the left or on both sides of the plot.
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10 THIS IS PROGRAM "PLOTER"., A GENERAL RECTA•GUIiAR
20 1COORDINATE PLOTTING ROUT IE FOR X: AND Y '.ALUES.
s3o UP TO 5 CUR'.V'E CA"l BE PLOTTED ON ONE GRAPH.
40

Sr.IMAIN PROGRFA:IM **
r:

so DIM Linreid(5),Lines'mQ) •1]

Plo r=:0

'a PLOTTER 1:3 : .5 5,"':* 7."
120 DISP "Put paper :n plo •,i.r, PUISH CONT"
t 30 PAUSE
140 LIMIT 0,279..5, 0,216
150 LINE TYPE 4,4
160 FRAME! 8.5 X 11 CUT LINE
1?0 LINE TYPE I
S1 0 LIMIT 2.p,2lot5,1'0, '.t- pl, ,ting ar'. limi its

19 0 FRAME! Outl inre t.he pl,,t.ti, are

200 FRAME
"210 LOCATE 22,1.1iT 17 2,S5! S 'e :-l j'i'g 1 im'it, s f'or pl:t
221-71 CLIP 21,10,11,03.
230 CALL Axes
240 CALL Label t.i,:k.

CALL Label .axei,:As)

260 CALL Title
2?7 CALL Into b 1 ,.:k ,Linei d,' , H,.•r 1. r~e. , b, 1£, Li -.. I" K * ' , E'ar h t2.71 CLIP "'",17WS

280 Repeat,.: INPUT "DATA FROM WFILE> OR KEYRD>" B$
29;q IF <"DW FILE") AND '.,::1 "KE.YB," T. H N", ReE.pe
see3 IF 35="FILE" THEN CALL .. .="i1-,'.Li ,-i,,..-' ,tm1 -.,' t,•, l .,L re ,; $/ ',

31t0 I F B W= KE"/B;¢R " THEN' CAILL . ."-rt .... 'L r' i,,: , ',J lih ' .,/ b I Lin .. ,;o ,

• ), Bar,:ht)
3213 INPUT "Do Vou ,wan'to t~o labe:-.l plot".". , BS

:330 IF BSC1,12="Y" THEN CALL Labels
3 40 PEN 0
350 OUTPUT Pl:,tter;"IN'

S360 END
370.-

380 SUB Axes
390
400 CON :,.,M in., Xr',. ,mir,."r, i,.. : .'A . -pri It.. •, epM Y.,
410
420="LEFT"
430 INPUT "DUAL VERT. AK-E D'ESIRED?"", B
440 IF B IC1, 1t<.>"" THEN RtP.ta;s
450 As="BOTH"

" 460 COTO Newlimit.s
4?0 Rtaxis: INPUT "RIGHT HAND A;ES DESIRED",Bs
4- 0 IF BSCI,1t="Y" THEN A$="RI0HT"
490 IF As""RIGHT" THEN N,.'1imits
500 Ct..axi s: INPUT "CENTER A;X"ES D:EIFP'.",Bs
510 IF BSC1,1z"'." THEN AS=",C.x TER'
5'03
530 Netw1 Inli t.a: INPUT "Minr "N" ,:,':r ,.at." :iI
540 INPUT "Ma. x " : o,: r' , n " ",
i,550 INPUT "Min W' ... coordin.te",Ym","in
560 INPUT "Manx " .. ','r', 1 r,. e " " Y," "

- 570 CALL Che k 1 i m ,. .Ert.,3r, .m1, r , ,, 'r, i '•, '' .a.<)
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5aO IF' Err:ur)->0 THEN t ., i ro i t I

LO Li m =,4r~ i ri 1 T h i p a f ? r ~ a:r: , ri: r.' it i

s 10 I F L i re, = THEH YI th. r:.i ri and ra*i 1 ri 1 o -

~30Xro i nL irii
640 Y I i mn L i rit = re, i n
650 IF LiriiLj THENI r, 'ift
660 GiJ$I.B Integi~r' '. l

60 Ym i mul.i m
680I Dl i t'tf: L i r =X rit k-ax rei In

~w 690 GOSUB Inte';er~v.a1
700 X=Xm in+L im TE :r''

720 Loopx: X=X+I'-10
730 IF' X<Xriii~x, THEN Loolix
740 C'orretsxt: X r a,,,
750a L irm =Y m ax-Ymirzi

770 'tuYmirn+Lirj
S 780 I F Y >Yn,'mx THEN Co~rrect,,)

790 Loopiy: I F Y+<Il a TE Loo

8310 Corre4ctv: m~ rn.x Y

830 d i f f=Yma.x:.-Yr~i i n,

$ 840 SCALE ri, . riI,
a50IF OR3I~r )$M i.). ~ .. &0 i:(n.~0 THEN

0CA LL I ti s~ ti' e Xi f %, t~ .p , s:*e pu r i t~
a 7 ý1ELSE

8130 CALL n ,x ,
8 0CALL I et -:rI ,

910 X.& tp'ewi u r, i ' t
9 2 0 1 ~~~F' X a t s p =- 42 T HEMt X. s~ e p u r i t X

930 END IF
I4 IF SM~~ G. , Ym I~' irg~ .3; iL;,l i "1~c I 0 JR Yu ax &0) T H EMt

950 ~CALL Int st ~p<'*ji t'' Yi t, e?. p u~ ~.ri t
9'0 ELSE

970 C AL L I r t, a tp ~.= p r. Y-3 1 , Yi'.& 1 I
980 CALLIntFIniIY2L',

100END IF"~=~TE ~tiir

1040 IF As=1uBITH" THEN Soh.axeis
1050 IF AS='1RII:HT' THEMNta:e
I ofs IF As='CENTER." THEM C.e
1070 Lt'a:xs: AEN .t.p ~tp,:n nH.i
1ose S UBEXIT
1090 Rtaxes: AX'ES t ep. Ysp a,-, m i n
1100 SUSEXI T
1 110 Botha.ýi: AXES X ~In*'i
1 120 AXES Xnx:rn,,~tp :i..'i
11se SUSEXIT
1140 Ctaxes: AXES tep, Ysep , 0
I1150 SUSEXIT
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1 117 0 1nt. e ;r'v -a 1 U: SUR0.1T tI E I r't 4~er

190 .flgn=. I
1200 I F L irr0 THEM Si'n-=

121 Li mrl BS(LUi m.
12 20 C fe ck sizie : I F (KL i mcI) PR ID (irLi< m ) T HEMN Do rie
1230 IF Lins>1 THEM Too1 :1bi';-

1250 Lirn=Ljrn*I0
1260 GOTO Check s-ize
1270 Toob i: I=1I* 10
1280 LimnLim/10
1i290 G* OT0 C hecr.k iz=e
1300 Dn e: IF IMT(Liur0< >Lirn THEM

32 IF Sign<0 THEM Lirfa=Lirti+I*Sign,
133 ELSEV 1340 Limn= I NT( ' 0*L i r *!I*5i gri

Lq 13.50 END IF
1:36 0 RETIJR
1370 SIJBEMD

1390 SUB Check 1 imizts' E rr c.r,, 71 72)
1400

141 Erroro -

4 142.0 IF Y2 >Y1 THEM Yed i fok
1430 DISP "Yrnax < Yra i n"
1440J WAIT 3000
1450 COT'O Done
1460 Ydieok: IF X2X<1 THEM SIfl.EXIT
1470 DISP Thm~ax < XAmi n"
1480 WAIT 31000

* 1490 Done:1 Error=l
* 1500 SUBEND

* 1521.0 SUE I nt step(Di H' tip, 3.eant

1540 1=1I
1550 S t e pi'
1560 IF INT(Step)>0 THEM Ls';nurn

* 1570 Loopl: 1=1/10
* 1580 Stepastip*10
* 1590 IF INT(Step)=0 THEM Loo--pl

1600 BSignurn: IF INT(Step')<i10 THENJ Cone,
1610 Loop2: 1=10*1
162el-0 step-step'10

* 1630 IF INT(Szep0>10 THEMNo:p
* 1640 Cont: Step-IMTCStEp.
* 1650 IF (Step=L.:'. OR ($Pp2. CF:YSeep=5,' THEM Ok

16,60 IF Step=.3 THEM 'St -i) .
16,70 IF ($tepux4, OR (S.e= R$e=''THEM Erep=514
1680 V IF (Step:!3) 'OR .tp.THEM H~e1
1690 Ok: Szepunit=St~ep
17100 stepastep*m

* 1"6140 SUBEED
1720
1730 SUE Label ticks

* 174 0
* 1750 0CM Nn f Ys p4 z~*V t e
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- . , • ,, 
-.--- r.- - ~ - .- . - V.

""17~ ?3 ET'ZIJ

1770 UNCLIP
1790 $ETUI

I Sr1800 WHERE :, ,
S 181I F A$<'.'"CENTER" THEN Si :z
1820 MOV.,'E X, 0

S 1830 SET'CU
1840 WHERE :.,

e185 MOVE X Y-3. 5
1860 SETUU
1870 WHERE X,"Y
1880 Si e: CSIZE :3, .5
189e LORG 4 -
1900 LDIR e
1910 LABEL IJ$IN' "K";,, ne
1920 Num I ,:k==I T(,,.,xr -. t in'XI%.4, p)
1930 IF X<tep',-jt)=5 THEM St. ip51
1940 Hum nm 1,.b z =Hure, , ;.z DIv !5S 1.950' St ep:X~t.•..p-5T
1960 C:OTO -,orit, I.
1970 SZt, ep51: Hum lab.l,=ru(i ti.cks D P..I', 21 " 1. 1 a 0 S t, tp:.' ep,*2
1990 Cont,: Hue .I.b.-P .l THf. 2000 SETIUU -

010 MOVE X,:+J..,tip., Y
2 a eO IF (As=:"1CEINTER.") RI ," ,.i +-,.ip r THEN ,I,,,,

" 2 30 LABEL USINHG "K"; •r. ir,+.t, ep*..
204Q E:e< NEXT HJ
2050 IF As="RICHT" THEN
20•0 LORI- 7
2070 $ETCU
2030 MOVE 20', 12
2090 SETUU
2100 WHERE X,Y
2110 F .1,=0
2120 IF AS<>"CEHTER" THEN Label
"! 130 MOVE 0,Y

* 2140 SETGU
2150 WHERE X,Y
2160 MOVE X-26.. Y
"2170 SETUU
2 2180 WHERE f:X, Y

0R2190 C'OTO La.belZ 0 -0 Rt.ax es: LORC I

2;, 210 SETGU222 0  MOVE 119, 12

2230 SETUU
""* .240 WHERE X,Y
2250 F I .ag- I
"22 S0 Label: LABEL USING' "K""tYrin
2270 Num t i ,: z:I T :; ' -
I",8 IF 7.tV punit.:l THEN StoipS:`
* 2290 Hum I abel.NI s =Nu t i,: kl .. .' L" 2.30 8 ,0' Y• .a -5 -

21 0 CZOTO Cont2
"2 320 Step52: Nunt l ael s=Nun ti,:k; D..' "2
2330 tpY~q+;
.23,40 Cont1: FOR J= TO Num- labelI
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' 2350 ! ETUIJU
242360 MOVE <,'+'t,.ep-.'
237,' IF .As= IEITEF ," T H E,:H t IHe I
238:E0 LREL 1.1$ IH 1 K1"1 ; 'ni r,+:'; .

2 39 • Ne'<t 1: NE:.<T j

2400 IF (Fl a=0.); nHtD P:. B"C'TH" H THE- h ti
2410 SIJ3END
2420I 24.30 S1JU LabeI a.:: s AF:)
2440
2450 DIM Hor a beI$;'01 fv'er-_l .be I .C'303
2460 SETGU
2- 470 CSIZE 4$'.0
2"24-90 LORC 6

9 MOVE 70.
2500 Hor labels=4...
" 25 10 1NPUT X.• - ax xi i l.abel",Hor l. .bel 1

"25e0 LABEL IJNGH1 "K";Hoir iab.•,-
2530 IF PS="RICHT" THEN P. t,.a:es

S 2540 rIOVE I0 , 55
2550 LORG 4
, 256A GOTO Label

2 2570 Rt.,axes: MOVE 129,5.5
2530 LORG 6
2590 Label: .Ver. I bel"
2600 1N PUT "Y ax, ,.i s I ab elI Ver_ abel $
"2610 LDIR Q, I

L A.B.E LA USL J I "K , V Ibe1.
pt-;, IF Ps<>"EBOTH" THEN 4,.S'.,T

2 750 MOVE 129,53
'62750 LORG 6

1527! 0 LABEL USI NIJ "K"; P•t I . ib 1
* 2S0 ,SUBEHD

2690 SUB Title

- 7130 SJ.rB pbo': (i rlei'K)~'.m ns; .ri :I LrP...rn Br:h

* 2700 P~rO
* 29 ia L~~~a ~ DI I Plot r't' i 1 I : s C 1- 0 a? '3 J . LL ~? ~:

2 7 1 SETCU
.2730 LDIR 0

2740 I. C IZE 4,.6
2LORG 4

1760 MOVE 70,9:3
27 70 Plot ti t, Ie.=" "1

2780 rNPUf "F ir .s.,,r, tit le Ilin -r",Plot title$
., 90 LABEL UIJ NGHI "K";Pl,:. title$
2so8 MOVE 70,90,

•. 28108 CSIZE 3,.5
2s2o Plot •i tl et =1 ...
2,8 a INPUT '"Becond t~itle Iline".,Plot, ritl]-S-
2-b?340 LABEL USIN "K";PI¢o ,tirle$
2 8!5 0 SUBEND

2370 ~SLIS) In r o b I o.: k , L I n -- i d (- ,€.ro I i n-.. e 5.,, z,: 1c t. L i m -:,..,z m ,'.•) arh.

7s99 DIM 1.i1 o (0:{0

2 910 Loc at. INPUT "-rneo olock Ioc.ti,:n" * UR, P,UJLL L., H :" Lo,:'s
4. 9 . IF CLo,$< >"NO" ) •H Loc's P-.UN , • D 'L ¢ .. ;-L "' •q • ¢:$•:'"j "

AND (Locs.>"LL") THENl Locat
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2 30 IF Lo,:$="JR" THEII L.:..
2940 IF Lo,:$="LF" THEM Lo:,:
2950 IF Lo,.:Z "IJL" THEN L ,::-
2960 IF LoS="LL" THEN L,:,,:4
2970 JI= 10
290 1F L9,: ,=a"n:I" THEN B ar
2990 FOP J=1 TO 1t07
3000 I,-1 i *,$'J)= ...
3010 INF'.IT "ie no::r i r ,lo,:k 1 i'-", Ii ir,+").,..J)
:1,020 IF Id ir, 'o .. )=. THE .11.=J
3030 IF J-,-':-' THEN Bar
.3040 NE:<T J
3050 Bar: B arc: ht =0
3060 DISP "ONE OF 5 PLOTS CRN BE B;ýF.: CHART"
3070 WAIT 1000
3080 DISP "MUST BE INCLUDEuD IN LINE COUNT"
3090 WAIT 1000
3100 INPUT "DO 'OIJ HA',,E A BAR CHART7", 1S
3110 IF BSt1,11<>"Y" THEN C',:,ri
3120 INPUT "WHICH LINE NUMrIBER I1'3 IT? ",.Bar.: ht
3130 IF (B.ar.:ht,<1) OR (B.ar,:h.>5) THEN Bar
3140 Cont: I- i-t- - --,:.J ',=" i"
3150 INPUT "No. of' ]ie•, to be p1oc,., ,'" ,.'r1ir..;

3160 Num I i mes= I NT'( N r I i nA. s')V 31717 IF B.ar,: ht, >t,.u(a I ,i , THEN B._r
31:190 IF ( N u, ir• .•"s".0 P. r- IND < ri, If', i :r, : ) THEN LI tt I'.
3190 DISP "Max o r 5 1 i r a p rtoi t.tie ,d"
3200 WAIT 5000
3210 COTO C,:,nt
3220 Linp: mt OSUB Linet,-)lpe
3230 IF Loc-="NO" THEN Sym
3240 FOR J=l TO Numl irne,
3250 DISP "Line ";J.;" ti le, "
3260 WAIT 200ci
:3270 INPUT Idin t (.;/,+.])
3-23 I0 i .7 ",I t, o i r I " 'J +..: I; 1 5 2
3290 NEXT J
3300 S'm: SmboI S="FALSE"

3310 INPUT "Syr.s.. .1 -at data p,. o t ."",CS
3320280 IF CSC I1, 1 ="Y" THEN Svrb, 1 $s "TRUE"
.3330 IF LocS=1"NO" THEN :-SJBE'1T
3340 J2.1+Nuul ir, i÷
3350 ON Loc GOSIJB UJrLr,UI,Ll
3360 CSIZE 2.5,.5
3370 LDIR 0
3380 FOR J=l TO J2-*
3390 LABEL UJSINI "K"; IG in+'o(J)
3400 NEXT J
3410 GOSUB Smplinte
3420 UNCLIP
3430 SUBEXIT

4 3440
3450 Ur: SUBROUTINE Jr
3460 CLIP S5,115,S3-.5,3.
3470 SETUU
3480 FRAME
3490 SETGU
3500 LORG 1
3510 X1=109
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Y 1 -I,= 3 . .5-j I--:~ 15 3 H V E S 9' , 7 : ':.
, 3540 RETU RN

356e Lrz :•I• UP.jTIflE Lr
CLIP ,

• . 35.9 " SE3.SSD,$&TIJU

3590 FR S'IE E
' 3 00 QSETCiJ
"'. 360 LORC 1

362 3X IIrll9i•:'.~~ 3 3Y1 =9 75 +(.fJ 42, 2.
3640 MOVE a',q+J2.*2,s
3950 RETURN

" 3670 Ul: I SUBROUTIHE UI
3680 CLIP 24,5:.5 : 2•!.2 5,3690 SETUIJ

3700 FRAIME
3710 SETGIU

", 3720 LORG I
"3730 Xl 145.,, 3'.-'40 ~Y 1 =73., 75- ]1...
.3750 MOVE 25,7:3
3760 RETURN
3770
37S0 Li , SUBROUTINE Li
3790 CLIP 24,51, 14,+J2.•
3800 SETU
3810 FRIRME
3820 SETGIJ
3830LOR
3840 14
$385o Y1 9.754<;2'.J-I ::,42.5
3860 MO V E '2!5 ,'-9+..j , ,

* 3370 RETURN

U3 90 Li et. yp e: 1 JBROIJTIHE Li rj,,--pir
3900 Lioeid(t)=1
3910 Lineid(2)=4
392-0 Line i,.y3?,=6

•' 3930 Lirneid<4i=:33940 Lineid(5)=:3

3950 L i3960 L I nesy ', m = s
3970 Li nesynms <35=, +,,
3980 Li nesym$s 4) 4 ").€',
3990 Li nm-s'$ni 5 =5
4000 RETURN
4010
40^0 SnipI ie: !SUBROUTINE trnp ire
4030 SETCU
4040 FOR J2=t TO Nunlin-I .4050 IF :3'" i bk I 'T -IUE' THEN PUT F' 1 ' ; Li4e60 MOVE X I , Y I
40S0 LINE TYPE L1n4i.nje ,4090 IF Lineid,: .',=4 THEn LINE TYPE 4,1.54090 IF Line"i,JýYJ=:3 THEN LINE TYPE .3,4100 IF S3r,:ht.<-'J THEN Draw
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4110 LOR : 2
4120 LINE TYPE 1
4130 LABEL USINHG "

4140 CiOj:TO) Iour,
4150 Dra.w: DRAW .... , + *,"l

4160 Incr: YI=YI-.2.5
4170 NEAT .J
4130 OUTPIJT P ,r..t.ter; '".
4190 RETURN
4200 SUBEHD
4210
4220 SUE Dat ae t ry Lj e.d 4), Nur1i e , %r,,o I , Li e .,r,'$,. ( .) • r, : h r t )
4230

4250 Co t' ,r='n5
4260 SCRC LE Xrm i n, , .-..., Y n,

4270 SETUU
4280 CSIZE 3,..5
4290 OIJTPUT P I o, t.ter'; "S'r"
4300 FOR J=j TO H,.t i r,:-
4310 DISP "EN ,ER V/ALIJES FOR LINE";J
4320 WRIT :3000 "

S 43:30 IF .ar,:ht•,J>' THEN Entr
4340 CALL Barchar't
4350 COTO Ca:,ntr
4360 Enter-: I NPUT "ENTER. lsi. POINT < ..V.>" ,.X,',
4370 IF .ymbo, 1 $="TPJE" THEN O'UTPUT P1 ot. te r"; "SM"- ; Line . , .3. J
43S0 MOVE X,"
4390 LINE TYPE Linid(.',3

4400 IF Lineid,.3>=4 THEN LINE TYPE 4,1.5
4410 IF Line i&&,:.)=3 THEN LINE TYPE 3, 1
4420 Repea t: INPUT "Ne::t point <:.:,,'i',::-9999 ENDS LINE)",X,"/
4430 IF X<0-9998 THEN Cant,
4440 DRAW X.Y
4450 COTO Repeat.
4460 Con.: NEX, T J
4470 OUTPUT P1 ,ottt ,r; "SM"
4480 SUBEND
4490
4500 SUE fl.a•t.&.t" t I -'iKLI r he I ,d(*. :, ,'.I rnl i r,: $. ."'rt'b,. 1.5, L i ra', ~.•..'ne ':. - )
4510

4520 CON Xrni n, Xmrax, 'm in, Yr,.,.
"4530 SCALE Xm i n, ,xr,., Y i , "
4540 Plotter=305
4550 MASS STORAGE IS ":H"'
4560 SETUU
4570 CSIZE 3,.5
4530 . PROGRAM OPENS DATA FILE "PLTDAT" FOR DATA

' 4590 1 ENTRY. THIS MIJST BE OH UNIT SPECIFIED
" 4600 1 BY A MASS STORAGE IS STATEMENT.

4610 I IT MUST NOT BE A PROTECTED FILE
4620 I DATA IN FILE MUST BE OPGANFZED
4630 A AS FOLLOWS:
4640 N o 1ts - VALIJE ,,RERTER THAN i
4650 XY PAIRS OF No_pts DATA POINTS
4660 1 BEGINNING WITH FIRST CURVE
4670 I SUBSEQUENT CURVE DATA MUST BEGIN WITH
4680 A NEW No pt.s VALUE FOR THE CURVE
4690 DATA POINTS WILL BE PLOTTED IN THE ORER
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47. 0 0I READ S0 THEY SHO.LD BI E II t
4710 ORDER OF I IVAREASIn,: K YALIJES.
4720
4730 ASSI GHIN # I TO "F'LTDRT" )et ur rn
4740 IF Returnci THEN Cont.
4750 DI SP "FILE HOT FOUIND OR PROTECTED"
47 60 IsT 0P

4770 Cont FOR j= I TO )N1rsf ii rie
4780 LINE TYPE Linrei,:'i. .),:3
479 50 IF Lireid(J..)=4 THEH LINHE TYPE 4,1.5
4800 IF Lineid(J)=:3 THEN LINE TYPE :3B I
4:3 10 IF S.r-t;o l S="TRUE" THEN OIJTPUT P 1 otter; "S " ; Li re ,yr,, (.3)
4820 Conti: READ #I; Nop z
4830 IF No_pts> 1 THEN 1,.r'.2
4840 DISP "WRONG NUMBER IE.OF FOIrTS, LI.E";J
4850 WAIT 10008
4860 STOP
4870 Cont'2: READ #I;X,"Y
4880 MOVE X , Y
4:390 FOR K=2 TO No,_m.
4900 READ #1;,V ,./
4910 DRAW X,Yj
4920 NEXT K
4930 NEXT J
4940 OIJTPIJT P ot t er; "Sri"
4950 SUBEND
4960 i
4970 SUB Labels
4980 I
4990 DIM Label $C403
5000 LINE TYPE I
5010 Redo: DI'.SP "MOVE PEN TO START OF LABEL, EN.TER"
5020 DIGITIZE X,Y
50:30 INPUT "ENTER LABEL DIFR.ECTIOiN (DEF.EES: ",Dir
5040 DEC
5050 LDIR Dir
5060 INPUT "CHARACTER SIZE MULTIPFLIER" 'Size
5070 OSIZE 2.5*Size,.5
5080 LORG 1
5090 INPUT "LABEL",Libel$
5100 MO"VE X,Y
5110 LABEL USING "K";Label3S
5120 INPUT "DO YOU HAVE ANOTHER LABEL?",B$
5130 IF B$S11i3="Y" THEN Redo
5140 SUBEND
5150 i
5160 SUB Barchart
5170
5180 COM n inXnax,Ymin, /mb.&
5190 SCALE Xrai n, .mi-, , Yr i n , .a.::
5200 SETUU
5210 LINE TYPE 1
5220 OUTPUT 305; "SM"
5230 Redo: INPUT "<HOR.> 0R <sV'ERP BAR'3?"Batrs
52 40 IF (BarSK >"HOR") AND ,.ar " , ,EP" THEN Re,,
5250 INPUT "WIDTH OF BARS5",Ni,ith
5260 Orset=Wi dth,"2
5'270 IF BarS="HOR"' THEN Hor Hir
" 12. 28 a Ve,'t 0I SP "ENTER Cen nt e r. -r Heni , t."
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529014 I T :300
5300 Next,: INPUT "<, " -. ENH , .S Bi:AR. F'L'T ) " , , ',"
5310 IF XKO THEN S. UBE:-::IT
5320 CLIP .- O t". j f.,' t" ,cT. i r, "
5330 FRAME
5340 UNCLIP
5350 GOTO Ne:Lt
5360 Ho-ri :: DI SP "ENTER Bar, LYnt", % n e " ",'
5370 WWAIT 3000
5330 Hext : INPUT ,X, K ENDS BAR PLT),', > y
5390 IF .X<0 THEN *SUBEX'IT
5400 CLIP Xri n, i 't , 1-Jffet , +,"+Ot"f"et
5410 FRAMr, E
5420 UNCLIP
5430 GOTO Next I
5440 SUBEND
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COMMENTS ON PROGRAM "WAVANL"

This program is used to plot curves of wave and ship motion. It takes
its input from the 5420A spectrum analyzer and outputs to the 9872B plotter.
To work properly the spectrum analyzer should be set up to look at data from
0-32 Hz and the data -tape should be run at 16 times normal speed. The data

*will be converted by the program to the correct range of 0-2 Hz. Using this
speed-up greatly reduces the time to analyze the data and causes no loss~of
accuracy.

The program expects two spectra to be entered. The first must be the
K wave spectrum if RAO's are required. The second spectrum must be a ship

motion corresponding to the wave spectrum. After RUN is pushed the program
K will wait for the spectra to be input from the analyzer. The data must be

sent in ASCII format using "501 SAVE" on the analyzer. The analyzer must beII set to addressable only.

Program lines 300 to 380 read the data header. Lines 30O to 410 read the
actual data points. The next set of lines correct the wave data to fraquency
of encounter. Also chosen is the maximum y-value for the plot. This is
chosen to be the maximum y-value following the first valley in the spectrum
occurring after .05 Hz. This selection criteria will ignore the initial DC
spike of the spectrum for scaling purposes.

Note that only the data for the first half of the spectrum is processed.
All the useful data occurs between 0 and 1 Hz. Also the frequency range of
the wave buoy only extends up to 0.8 Hz.

The motion data is processed 'in lines 710 to 880. Motion data is already
scaled to frequency of encounter so this data needs only to be corrected for
tape speed. Two spectra are computed. The first is the input spectrum from
the analyzer. The second is the spectrum obtained by integrating the input

* spectrum twice. This second spectrum will be plotted if heave motion is
desired' since the input spectrum is heave acceleration. These two spectra
have ordinate arrays of Y(2,I*) and Y(4,I) respectively. Scaling values are
also computed in these lines.

The response amplitude operator's RAO's for these motions are calculated
in lines 890 to 1130. Again, two RAO's are computed, one for the input motion
and one for the integrated input motion. These are stored i~n arrays Y(3,I)

*and Y(5,I) respectively. In order to calculate the RAO's an Interpolation
between data points is required, This is due to the shift of frequency which
occurs when the wave data is converted to frequency of encounter.

The remainder of the program deals with plotting the five spectra
developed. Sub-program "Grid" draws the plotting grid with the appropriate
labels and title lines. Only roll, pitch and heave motions are implemented
together with their RAO's. Wave motion can also be olotted. Sub-program
"Plotdata" plots the data on the grid. Line 1820 allows the operator to
choose which curve will be plotted. The program will loop to plot as many
data curves as desired. Once all data has been plotted the program will again
enter a waiting state so that new data can be entered from thie analyzer.
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Lines 24u0 to 2500 show a typical function processing routine, in this
case roll. Index is a parameter which determines wnich of the five spectra
will oe plotted. An Index=l indicates wave spectrum, 2 - the motion spectrum,
3 - the %,,., spectrum, 4 - the integrated motion spectrum, and 5 - the RAO
spectrum for the integrated motion. Subroutine "Size" sets the Y dimension of
the plot. The SCALF statement sEts the limits of the plot to 0-1 Hz, O-Maxy
4here Maxy is chosen in "Size". k',es are then drawn, the tick marks labeled
-nd the axes are labeled. A title and infornmation lines are then added to the

ot.

The data is plotted in lines 1330 to 1620. These statements also print

the valuec nf ie peaks and valleys in the spectrum. Finally, sub-program
"Powvr" ic caiied to integrate the area under the spectrum for all except
RU's. .dlues for frequencies less than .03 Hz are not integrated.
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COMMENTS ON PROGRAM~ ... AVHGT"

This program was used to measure the instantaneous voltage of a motion
signal and then determine the peak voltage of the wave form. The heights
between successive peaks was then calculated and stored in the array

* "Height". This array is then sorted beginning with the highest values. The
sorted l ist is then used to determine the average 1/3 and 1/ 10 hi ghest motions.

Although the name implies that this program deals with wave heights, it
may be used with any motion provided the. correct scale factor is inserted at
line 130. "Attn' is the multiplying factor to convert voltage to the motion

* units.

The DC offset in line 110 may have to be changed for each run to insure
the signal is reasonably well centered about zero volts. A peak will beq ignored if it is on the same side of zero volts as the last peak or if the
voltage of the peak is within + "Epsilon" volts of zero.

Tape speed should be 8 to 16 times the original speed when using this
program. Lower speeds will not cause a problem but will take longer to run.
Higher speeds will reduce the accuracy in determining the peaks.
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RECOMMENDAT IONS FOR IMPROVING TEST PROCEDURES AND EQUIP:MENT

Four areas where improvement is necessary will be discussed in this
appendix. These are improvements in the use of questionnaires, improvements
in measuring speed, improvements in measuring the directionality of wave
spectra and improvements in the method of measuring shaft torque. The last
will be considered l'irst.

Shaft torque and hence shaft horsepower (HP) were measured during the
DORADO tests using a powerometer developed by Ultra Products Systems. This
device was found to have serious drawbacks although in concept it represents a

F significant improvement over husk type torsion measuring devices. These
K: require slip rings or telemetry to get the signal off the rotating shaft. In

the powerometer concept two prerecorded tapes are wrapped around the shaft and
a carriage with tape playback heads is secured to ride on the shaft with the
playback heads over the tapes. The signal from each tape is fed to the
powerometer for processing.

The tapes applied to the shaft each have a sine wave recorded on them.
The sine waves of the two tapes are identical in frequency. The tapes are
applied 15 inches apart on the shaft and as the shaft twists from torque

4 loading the relative phase angle of the sine waves will change. It is this
change in phase angle that is used to compute the torque. The frequency of

* the sine wave is proportional to the RPM of the shaft. These two values are

used to compute HP.

When conditions are ideal this works fine. In the DORADO tests the tape
sets supplied by Ultra Products Systems were not of identical frequency. Tie
difference in frequency was less than one percent but this was more than

* sufficient to disrupt the measuring process. Without an identical frequency
* the phase angle is different for each cycle of the sine wave. Also the tape

must be handled-very delicately to prevent stretching. Even a minute stretch
will change the phase angle locally.

By a great deal of post pr~ocessing it was possible to extract the torque
information. However, the problems of tape stretch and non-identical
frequencies must be solved if the device is to be used satisfactorily. The

7 best solution is for us to record our own tapes. This wil'i require purchase
of a high quality frequency generator whic~i has a near zero drift in

4frequency. Also, tape material should be investigated to see if there is a
* material on the market which will eliminate the stretching problem.

The powerometer is capable of only one HP calculation in 15-20 seconds.
This may not satisfy the needs of the test. Near instantaneous to)-4ue values
can be obtained using a dual channel spectrum analyzer. By putting the signal

4 from each playback head into a separate channel the phase angle between the
signals can be measured directly. More accurate values of torque could be
obtained by recording sine waves of many different frequencies on each tape.
The phase angle shift at each frequency can be determined using the spectrum
analyzer. The torques determined using Bach frequency can be averaged to

4 improve the variance.
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The wave directionality problem is more difficult because the R&D Center
is currently using a state-of-the-art approach. A waverider buoy is used to
determine a point spectrum for the sea waves. This spectrum contains no
information on wave direction. The ship is operated on different headings to
the sea after the principal wave direction is determined by eye. This method
of determining wave direction is imprecise at best and is impossible if there
are significant waves -oming from multiple directions as is usual~ly the case.

* The resulting ship motions are not reproducible in different seaways having
the same spectrum but different directionality.

A different method for measuring wave height is proposed to markedly
improve on this problem. For many years the Navy has used sensors mounted to
the bow of the ship to measure wave height. Single sensors are used and only
a point spectrum is obtained. However, with a sensor on the vessel the wave
measured is the wave actually encountered and no correction need be made for
ship speed or direction to the waves. Also, any spatial change in the wave
energy spectrum will no longer cause a problem because the wave energy is
measured at the ship.

Typical sensors used include radar and laser altimeters and sonic height
sensors. The radar altimeters appear to be best. All require that the height
be corrected for ship motion which introduces a new source of errors.

It is proposed that this method be carried one step further to obtainK*wave directionality. Two height sensors can be used spaced a fixed distance
apart. The height signal from each sensor can be fed into a separate channel

of a dual-channel spectrum analyzer. This analyzer can determine the crosspower spectrum of the signals rather than the auto power spectrum of eachsignal individually as is now done.

The usefulness of the cross power spectrum lies in the fact that the
spectrum represents the apparent wave propagation along the line of the two
sensors. Figure C-1 shows how an array of five sensors could be arranged to
measure the spectrum each 22-1/2 degrees around the horizon. The sensors are
used in pairs to do this. By choosing the pair of sensors most appropriate to
the motion being measured, the primary directional spectrum driving that
motion can be determined. For example, two sensors in line with the
longitudinal axis would be used to evaluate pitch response. This should

* significantly improve the repeatability of response amplitude operators and
permit extension to other sea states. At the very least the directionalr spectrum of the sea could be determined with high accuracy.

The array of sensors would be mounted to the vessel's bow. As before,
corrections must be made for vessel motion. The spectrum analyzer requires an
analog input signal. Therefore, the outputs of the sensor package must be
analoag.

This appears to be a promising approach to measuring wave spectra but
needs to be developed more and tested under field conditions before being
adopted. T.-. spacinr~i between sensors is the primary variable to be studied.
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The current method for measuring vessel speed involves the use of
Loran-C. The time to travel between two Loran-C positions and the distance
between these positions provides the data necessary for the speed
calculations. This has proved quite accurate and precise for measuring
average speed over about a 2-mile course; however, no information is available

* on instantaneous speed or side slip relative to the water.

Most speed sensors commercially available require installation through
Vthe hull. This is unacceptable for most ship tests. At the Sixth Ship

Control Systems Symposium in Ottawa, Ontario, Canada, Samuel Cheney presented
a paper entitled "High Speed Velocity Log, A Practical Solution for Precise
Speed and Sideslip Measurement for Air Cushion Vehicles." This paper
describes a Doppler radar approach to vessel speed measurement developed by
the Naval Air Development Center. The sensor described appear's to be a

* significant improvement over the Loran-C method currently used and does not
require through-hull mounting. Side slip speed is also available. The sensor
mounts on the bow of the test vessel near the deck. An effort should be made
to obtain a similar sensor package for AMV testing use. The one disadvantage
of this sensor is that testing must be done when winds are areater than 5
knots or seas greater than 6 inches. The sensor will not work in flat calm
conditions.

The present concept for using questionnaires to obtain information during
an OPEVAL has some serious drawbacks. These were emphasized during the DORADO
tests. The coincept of using questionnaires requires two essential elements.
First the people filling out the questionnaires must have spent an adequate
amount of time on board the vessel under test to obtain experience in all
aspects of vessel operation. Second the people must have familiarity with
other Coast Guard cutters, particularly WPB's, in order to comparC. the test
vessel with current vessels.

VFor the DORADO tests both of these were initially being met. An
Kexperienced WPB crew was to be transferred intact to the DORADO and remain

throughout the test period. In practice only a few of the crew were on therOAO~o an extended length-of time. Crew replacements in general had no
experience with WPB's. As a result the value of the questionnaires suffered
badly.

It is recommnended that in future OPEVAL's of this nature strict
guidelines be established for crewing and that these be adhered to. An

K alternative approach would be to establish a "panel of experts" who would ride
the vessel for a period and then fill out the questionnaires.
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DESCRIPTION OF INCLINING EXPERIMENT

The inclining experiment on the DORADO was performed in an unconventional
manner and hence requires some explanation of the procedures used. The
conventional method used to measure the inclination angle is to suspend a long
pendulum near a transverse batten and note the lateral movement along this
batten. From this the inclination angle can be easily computed. In the case
of the DORADO, as with most small Vessels, there was-no place from which a
pendulum could be secured and in any case the pendulum would have been exposed
to the wind which would have added considerably to the error.

During the DORADO test the inclination angle was measured using a
theodolite on shore and targets set up on opposite sides of the vessel. By
measuring the distance from the theodolite to these tary3ts and the vertical
angle from the theodolite to each target, the change in heel angle between two
loading conditions can be computed. The heel angle was irnduced by placing two
10,000-pound weights first on the starboard side and then on the port side.

Knowing the vessel displacement, from the draft marks, the inclining
weight used, the distance it was moved, and the heel angle, the metacentric
height, GM, can be computed.

The theodolite used to measure the angles had a single vertical reticle
crossed by 3 horizontal lines. The upper and lower line were equal distance
from the center horizontal line. These three lines allow three separate angle
measurements to be made which can be averaged for greater accuracy. This
permits angle measurements down to 1 second of arc. Measurements are first
taken using each of the three lines with the theodolite on one side of
vertical. The theodolite is then rotated through a vertical angle of 180
degrees and the three measurements are repeated. These are referred to as
face right and face left positions. The six measurement positions are
referred to as UL-upper left, AL-average left, LL-lower left, UR-upper right,
AR-average right, and LR-lower right. These refer to the reticle line used
and the facing of the theodolite.

The six angles above were measured to both targets in each of the two
weight locations, port and starboard. The targets themselves were triplane
reflector arrays mounted on tripods. These were positioned 37'-1.5"
apart on the after main deck. The distance from the theodolite to each target
was measured using an infrared ranging device mounted on top of the
theodolite. This ranging device could measure the distance down to hundredths
of a foot. These distances were also measured for each weight location. This
data is shown in Table 0-1.

The zenith angle refers to angles measured from the vertical with zero
degrees being straight up. Letting Z be the zenith angle then:

Z 1 1/2 (3600 + UL-LR) = 1/2 (3600 + AL-AR) 1 1/2(3600 + LL-UR)
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These three computations of zenith angle can be average to determine the
zenith angle to use. For the various targets and weight positions, these work

out to be:

Weight Target Z 90-Z

Port Port 95055'1711 -.50551171"
Port Stbd 93026124" -3026824"8
Stbd Port 93004843" -30041431"
Stbd Stbd 950091231 -50 09'231"

The distance from the horizon down to the target is d.tan (Z-90) where d is
the distance from the theodolite to the target. These distances will be
referred to as P , port target weight starboard, Pp, Sp, and Ss. The
values calculate3 for these distances are:

Pp = 4.3229 ft Ps 5  3.3749 ft
S = 3.6091 ft S = 3.9796 ft

The heel angle, H.A., can be calculated using the formula:

tan (H.A.) = Ss-Sp -Pp - Ps
K D

Where D is the distance between the targets. This gives a value of H.A. of
2.034 degrees. The forward weight and the after weight were each moved 31'0"
from port to starboard. Displacement, W, of the SES at the drafts tested was
302,500 pounds. The metacentric height is then:

GM = w x d 20000 x 31 57.71i ft
W tan (H.A.) 302500 ta 3

However, no compensation has been made in the above calculation for the effect
of the wind. The lateral area of the SES was calculated to be 1250 square
feet with the center of area located 7.39 feet above the water line. For a
15-knot wind the side force on this area will be approximately 1200 pounds
while the heeling moment due to the wind is:

1200 lbs x 7.39 feet = 8900 ft lbs

The total moment must include double this effect due to the way the ship was
tested. Therefore:

GM = 20000(31) + 2(8900) 59.4 feet
302500 tan (2.034)

The amount of weight which can be lifted 5 feet off the side is calculated by:

Weight GA1 * W * tan (H.A.)
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- a Where d is the distance of the weight from the centerline.

Weight 59.4 *302500 *tan 60 77000 pound
19.5 + 5

for a 6 degree heel angle.
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INCLINING EXPERIMENT

VESSEL NAME USCGC DORADO DATE 8/5/81

TRIAL NUMBER 1 2 3 4
MAX PORT MAX PORT MAX STBD MAX STBD

VERTICAL ANGLES PORT TAR STBD TAR PORT TAR STBD TAR

UL 960 12' 18" 930 44' 38" 930 22' 08" 950 27' 29"

AL 950 55' 21" 930 27' 13" 930 04' 52" 950 09' 43"

LL 950 38' 03" 930 10' 10" 920 47' 37" 940 52' 28"

DIST TO PORT TAR 41.68 62.75

DIST TO STBO TAR 60.04 ,44.10

UR 2630 47' 03" 2660 17' 09" 2660 38' 39" 2640 34' 06"

AR 2640 04' 23" 2660 34' 45" 2660 55' 36" 2640 51' 03"

LR 2640 22' 35" 2660 51' 44" 2670 12' 02" 2650 08' 01"

RANGE ADJ SETTING: 42

AIR TEMP: 84

BARO PRESSURE: 30.12

Table 0-1

INCi..NING EXPERIMENT MEASUREMENTS
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APPENDIX E
RUDDER ANGLE DERIVATION



RUDDER ANGLE EQUATION DERIVATION

The test setup was -s shown in Figure E-1. This setup was changed
slightly between the tests conducted in August 1981 and those conducted in
November 1981. The general formula for rudder angle given the voltage input
wil' be computed first and *hen the constants for the two test periods will be
calculated.

String length, a, is proportional to the voltage output across the
potentiometer. This is the voltage measured by the test E-quipment as the
indication of rudder angle. Distances b and c are fixed and were measured on
board the ship. The angle A corrected to the reference of zero rudder angle
is the desired quantity. Length a is linearly related to the voltage so:

a = K1 V + K2

where K1 and K2 are constants

V is measured voltage

The following trigonometric identity is of use.

cos (1/2 A) = 1/S~s-a) where s = I/2(a+b+c)
CU c

The rudder angle is equal to A - constant angle. Call this constant angle
K3.

The procedure will be to measure a, b, and c at a known rudder angle near
zero. From this the value of K3 can be calculated using:

RA = 2*arc cosV/s(s-a) - K3

bc

Since rudder angle = RA = A - K3

The rudder is then moved to 300 left rudder and the voltage measured.
The same thing is done for 300 right rudder. These two rudder angles and
voltages are used to calculate constants K and K2 . By manipulating the
trigonometric identity the following formula for a is obtained:

a / 4 [4b•.)2 - (cos 1/2 A)2 (bc)]

A : RA + K3

For each of the two rudder angles a can be computed. Then the equations:

al = KI*VI+K2

a1 = KV+K2

can be solved for K, and K2 . Working backwards, for any value of voltage
the rudder angle is:
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a : KI*V+K 2

RA arc cosL(b+c) 2 - a2  - K3
+C bc

Table E-l lists the constant values computed for each of the test dates.

TABLE E-1

August 1981 November 1981

K1  -6.6003 inches/volt -4.237 inches/volt
K2  19.973 inches 19.500 inches
K3  49.55 degrees 54.75 degrees
b 13.75 inches 14 inches
c 24.75 inrhes .24 inches
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